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ABSTRACT 
The objective of this study was to examine the problemso£ managing re-
siduals and environmental quality in a region facing potentially rapid growth 
as a consequence of externally made development decisions. The research adapt-
ed and applied the residuals environmental management concept which recognizes 
the need for an integration of physical methods, implementation incentives and 
institutional arrangements in controlling air, water and solid residuals~ 
The area selected for study, the Uintah Basin in Southeastern Utah, has 
the.potential for extensive energy resource and mineral development and could 
experience a large population influx and accelerated economic growth as a re-
sult. In the face of a wide range of possible resource developments, the 
study used an alternative futures approach, in which combinations of exogenous 
events leading to different types and levels of economic activities and employ-
ment impacts were identified. Economic and land use simulation models ,.,rere 
applied to project the effects of the futures on the basin. rlaterials balances 
'tvere then drawn up for major polluting activities to determine the residuals 
that would be produced and discharged to the environment if there were no con-
trols. An environmental impact and management model, structured as a linear 
programming model. was used to evaluate environmental management strategies. 
The model incorporated various production processes and residuals treatment 
methods. Air and water quality simulation models were applied to assess en-. 
vironmental impacts and generate model constraints. Several dimensions of 
environmental management strategies were analyzed including alternative pro-
duction processes, waste treatment methods, and various implementation incen-
tives such as effluent charges, effluent standards and effects of legal re-
strictions. 
This report was submitted in fulfillment of Contract No. R-803203 by the 
Utah Water Research Laboratory, Utah State University under the sponsorship of 
the U.S. Environmental Protection Agency. This report covers the period July 22. 
1974 to January 31, 1977, and the work was completed as of February 21, 1977. 
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SECTION I 
INTRODUCTION 
Environmental pollution of a region results from the discharge of resid-
uals into the air, land and water. In dealing with these problems. pollution 
control efforts have generally been directed toward "end of pipe" treatment of 
specific discharges without fully taking into account the possible intermedia 
transfers or interactions among sources in a region. Present air quality (the 
Clean Air Act Amendments of 1970) and water quality (the Federal Water Pol-
lution Control Act Amendments of 1972) legislation calls for comprehensive 
regional planning for pollution control. Recent research has likewise been 
oriented toward tools for regional management of residuals and environmental 
quality which can be used to analyze the simultaneous impacts on costs and 
environmental quality of alternative management involving the inte-
grated application of physical control methods. implementation incentives and 
institutional arrangements. 
While models and approaches have been demonstrated for developed areas 
with relatively stable economic structure such as the Lower Delaware Valley 
region, the purpose of this study was to apply and demonstrate the residuals 
management concept for an area where a broad range of future development 
levels could result, depending on resource development decisions made 
outside the region. The area selected for study was the Uintah Basin in 
Southeastern Utah. The region has the potential for extensive energy resource 
(oil shale, tar sands,oil and natural gas) and mineral development and could 
experience a large population influx and accelerated economic growth as a re-
sult of exploitation of the region's rich"energy deposits. The application of 
residuals environmental quality management approach in this setting involved 
analysis and integration of five major study tasks~ with a section of the re-
port devoted to each one. 
Section 5 - alternative futures and projections: In order to establish 
"a basis for estimating potential residuals discharges, alternative futures, 
combinations of external events representing changes in the's basic 
economic sectors, were identified. Economic and demographic models were then 
used to project levels of population and economic activity for each alternative 
future. 
Section 6 - land use and siting of activities: The land use requirements 
and location preferences for projected economic activities were analyzed using 
.:1 land allocation model. Land capability evaluation was used to identify 
alternative locations for site-elective activities, and site specific resource 
extractive activities were specified. 
1 .... 
Section 7 materials ba~ance and residuals generation~ A materials bal-
ance of production processes and consumption activities ,vas made for each 
major polluting section in order to quantitatively estimate the possible res-
iduals discharged. 
Section 8 - environmental impact and management model: In order to eval-
uate residuals environmental quality management strategies, a management model 
was structured as a linear programming model. Air and water quality simulation 
models were used to generate environmental constraints. Various production 
processes and residuals treatment methods were incorporated in the model to-
gether with their intermedia transfers. 
Section 9 - analysis of residual environmental management strategies: 
The management model was used to analyze several dimensions of environmental 
management strategies and their effects on environmental quality of the region. 
These included alternative production processes and waste treatment methods, 
and various implementation incentives such as effluent charges, effluent stand-
ards and the impact of legal restrictions. 
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SECTION 2 
CONCLUSIONS 
This study adapted and applied the residuals environmental management 
approach to a region facing potentially rapid growth as a result of external 
decisions to develop energy and mineral resources. Because of the relatively 
narrow economic base largely composed of extractive industries, the economic 
input~output model used as the basis for other studies such as the Lower 
Delaware Valley was not workable. Thus) an approach was developed in which 
output and employment changes estimated for alternative futures comprised of 
different combinations of exogenous events affecting the exporting economic 
sectors of the region were input to an export based economic and demographic 
simulation model (UPED) for projecting employment and population impacts 
throughout the economy. To examine the spatial distribution of project-
ed population and economic activity, a land use model (UPLAND) was used to 
allocate production and household activities at the level of county census 
districts, and land capability analysis was used to identify specific site 
options for various activities. The UPED and UPLAND models used for these 
analyses are structured as general simulation models which can also be cali-
brated and used in other regions. 
Comprehensively examining environmental management options for a large 
number of interactive activities and pollutants requires the use of an eval-
uative model. ,The linear programming modeling approach used in other studies 
, was also adopted for this analysis. Although it contains the simplifying 
assumption of linear functions, it does provide a reasonable structure for 
searching out least cost treatment strategies subject to environmentat con-
straints, and provides a basis for examining effectiveness of implementation 
incentives. The results from optimal solutions provide information on the 
least cost control technologies for various pollution discharge sources con-
sidering also intermedia transfer costs, environmental media quality levels 
achieved, the impact of various implementation incentives, and sensitivity of 
solutions to changes in costs, ambient quality standards or other parameters. 
To indicate more specifically the kinds of results available from the 
analysis, some conclusions with respect to Uintah Basin study areas are: 
Wastewater lagoon systems including total containment offer the least 
cost means of treating effluent from municipalities. Because of the rural 
character of the region, land is one of the least expensive factors in treat-
'.rtent plant construction and is not a constraint even under large populatic.r>. 
growth futures. Water quality conditions are seen to deteriorate somewhat, 
but do not violate stream standards. 
3 
.. 
Least cost treatment for air emmissions from industrial processes are 
identified. \~ith these controls, air quality levels remain near present 
levels except for the regions immediately surrounding large point source ac-
tivities. 
Solid wastes are more efficiently and economically handled by some in-
dividual communities, but it would be more economical for Duchesne, Altamont 
and Roosevelt to share a regional site. 
As a production process option, the Paraho oil shale retorting process 
requires the least expensive combination of air pollution measures. If in-
vestment and operating costs, and oil recovery were comparable with other 
processes, then this would tend to favor the use of Paraho. 
Use of effluent charges and effluent standards as implementation incen-
tives were investigated through parametric analysis on the linear programming 
model. Analysis indicates that a charge of $0.10 per pound of BOD is suffi-
cient to induce dischargers to cut back loadings to the point that stream 
standards are met. For air emmisions, a charge of $200 per metric ton o~ 
particulates is necessary to meet the air quality standard of 200 ~ gm/~l 
The imposition of an effluent standard of 10 mg/liter on BOD results in some-
what better stream quality than is required by stream standards for BOD and 
suspended solids. 
Certain legal and institutional constraints also affect implementation of 
environmental controls. Water rights are an example of such a situation in 
the Uintah Basin. The unit welfare loss for contained wastewater was found to 
be $37 per 1000 cubic meters. When this is added to the cost of complete con-
tainment lagoons in the linear programming model, the optimal solution shows a 
loss of $1283 per day due to impaired water rights. However, if to satisfy 
water rights the containment lagoon is not allowed, the cost of waste treat-
ment would be increased by $1,726 per day indicating that there is a basis for 
resolving the conflict through compensation. 
Overall, the analysis shows that under alternative futures for the Uintah 
Basin wh~re population and development become more concentrated, the cost per 
capita of maintaining environmental standards will increase. 
4 
SECTION 3 
RECOHHENDATIONS 
Current environmental legislation requires the preparation of regional 
plans for managing air and water quality. The 1970 Clean Air Act Ammendments 
directs that Air Quality Maintenance (AQM) plans to be developed for areas 
with potential for exceeding ambient air standards between 1975 and 1985, 
and the Federal Water Pollution Control Act Ammendments of 1972 calls for 
Areawide Waste Treatment Management (208) planning in areas with substantial 
water quality management problems. With this emphasis on regional planning 
for air and water quality management, the systemic approach of residuals en-
vironmental quality.management offers the best opportunity for examining 
interrelationships among the pollutants and environmental media, and develop-
ing plans that provide for an integrated handling of air, water and solid 
residuals in a region. 
The focus of this study was on a region where future changes in economic 
activity and the concomitant environmental impacts "'ill largely be determined 
by external decisions affecting resource development. In other regions which 
are similarly faced with a very broad range of potential development and 
environmental impacts, the alternative futures approach is recommended as a 
technique for analyzing population and economic changes as a basis for evalu-
ating residuals management strategies. Further work, however, is needed in 
the area of optimizing management decisions in the face of uncertainty about 
which alternative future will ultimately prevail. 
Because of the expansive and undeveloped nature of the region that was 
studied, it did not provide the best case setting for examining all the 
possible implementation incentives and other physical methods besides treat-
ment. that would be of interest in a more industrialized situation. Other 
studies should perhaps be undertaken to demonstrate a wider range of implemen-
tation incentives and their effects. 
Residuals environmental management concepts and models are now documented 
by several case examples.. A logical extension from this point \vould be some 
actual applications of these approaches to evaluate and integrate AQM and 208 
plans for a region in order to demonstrate comprehensive regional environ-
mental planning and implementation. 
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SECTION 4 
REGIONAL ENVIRONNENTAL QUALITY NANAGEHENT 
RESIDUALS DISCHARGE IN THE REGIONAL ENVIRONMENT 
Environmental pollution problems are the result of residuals which are 
discharged to the air, water and land of a region. When these discharges ex-
ceed the assimilative capabilities of the region's environmental media, there 
is degradation of the ambient environmental quality. Residuals are generated 
as a consequence of human activies involving the production and consumption 
of goods and services. The sequence of events resulting in residuals dis-
charges is sho,vu in Figure 1. The figure illustrates a number of terms use-
ful in describing the relations between human activities and residuals dis-
charges. Production processes use resources to produce outputs of goods and 
services desired for consumption. However, production processes also generute 
other outputs \vhich are not the primary or intended products. These "non-
product" outputs may be used as intermediate product inputs for other produc-
tion processes if their value is greater than the cost of using them. If 
they are not utilized as intermediate products, then they are discharged into 
the environment as residuals. Consumption activities likewise generate non-
product outputs since goods which are "consumed" still remain in some form 
(old car bodies, aluminum cans, etc.). These also become residuals unless 
their value as a resource is than the cost of recycling them. In 
general~ residuals are non-product (material or energy) outputs of production 
and consumption activities the value of which is less than the cost of col-
lecting~ processing and transporting it for use. Therefore residuals would 
not be recycled, recovered or reused unless some type of environmental con-
trols are imposed on producers or consumers. However, .whether a non-product 
output is classed as a residual will change with time depending on levels of 
technology and the relative costs of alternative inputs. 
REGIONAL 1:-1ANAGfu'1ENT OF RESIDUALS 
In order to achieve and maintain a desired level of regional environ-
mental quality, residuals must be effectively managed. The area to be man-
aged should encompass both the sources of the problem and the government and 
private institutional arrangements which possess the necessary decision and 
implementation authority. These t,vo considerations point to the regional 
level, including state and local roles, as the major planning focus. Thi~ 
is emphasized by the planning requirements oE recent environmental legislation 
(the 1970 Clean Air Act Amendments and the 1972 Federal Hater Pollution Control 
Act Amendments) aimed at regional planning. 
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Figure 1. Residuals generation from production and consumption. 
Comprehensive Hanagement Planning 
To achieve National Ambient Air Quality Standards (NAAQS) under the Clean 
Air Act, states are required to develop plans to insure that standards will be 
attained and maintained. To implement this, the Environmental Protection Agency 
(EPA) issued regulations in June of 1973 for Air Quality Maintenance (AQN) 
planning for areas with the potential for exceeding NAAQS between 1975 and 1985. 
The areas designated by states and EPA for AQM plans are, in effect. planning 
regions. 
The Federal Water Pollution Control Act Ammendments of 1972 (~VPCAA) call 
for the development of ambient water quality standards in order to protect and 
provide for propagation of fish and wildlife, and for recreation. As with air 
quality, planning is a key feature in attaining the goals and standards pre-
scribed by the Act. Areawide Haste Treatment Hanagement Planning, under Sec-
tion 208, is to be accomplished in areas with substantial water quality manage-
ment problems. Again, the designation of 208 planning areas is at a regional 
level. Specific plan outputs include the identification of anticipated munic-
ipal and industrial treatment "t .. orks over a 20 year period, identification of 
urban storm water management systems, a program for the management of residuals 
gclnerated in treatment (secondary residuals). and a program for non-point 
source management. While AQM and 208 plans have slightly different planning 
requirements, both plans are region oriented and involve the same basic ana-
lytical task's as indicated by Spofford and Ehler (1976). 
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1. a survey of existing emissions/effluents, their sources, ambient en-
vironmental quality, and an initial assessment of existing and poten-
tial problems; 
2. a projection of population and economic activities over the planning 
period; 
3. a projection of future emissions/effluent discharges, from 2; 
4. a projection of future ambient environmental quality, from 3; 
5. comparison of results of 4 with standards and a determination of the 
reduction required; 
6. development of alternative strategies to achieve and maintain stano. 
dards; 
7. evaluation and selection of a "best" strategy for implementation. 
Regarding implementation, bot~ the AQM plans. and the 208 plans must demonstrate 
that the strategies proposed are enforceable and must identify agencies author-
ized to construct, operate and maintain facilities required by the plan, and 
otherwise implement the plan. 
Regional environmental planning and implementation of pollution control 
technologies is generally organized along the lines of water, air or solid 
waste management. Planning which focuses on pollution problems of specific 
media fails to recognize that solutions to water quality problems often trans-
form residuals into solid or airborne forms which likewise degrade media quality. 
This fact suggests the need for incorporating t-.:.o important features if com-
prehensive environmental management is to be achieved. 
1. An integration of 208 plans, AQM plans and solid waste management 
plans. 
2. A comprehensive approach to assessing the impact of management strat-
egies, and hence the use of analytical methods (models) that can ex-
amine intermedia transfers and interactions. 
Environmental Management Strategies 
The planning process is directed at formulating alternative strategies for 
managing residuals and maintaining the quality of the resource base. Specif-
ically, an environmental quality management strategy consists of three inter-
related components (Bower, Ehler and Kneese, 1976): 
Physical Methods--
Physical methods include technological options and actions which can be 
used to reduce residuals generation or modify the quantity, type, timing or 
spatial location of discharges after being generated. They also invoblc means 
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to more efficiently use or increase the assimilative capacity of receiving 
environmental media. Examples of physical methods are given in Table 1. 
Implementation Incentives--
Economic, legal, behavioral and other incentives to induce implementation 
of physical methods for modifying residuals discharge or improving assimulative 
capacities are classed as implementation incentives (Porcella and Bishop, 
1975; Bower, Ehler and Kneese, 1976). As noted in Table 2, formulating im-
plementation incentives can involve a wide variety of regulatory, economic, 
administrative, judicial and education/informational measures, such as the 
setting of air, water and other environmental media standards, setting emission 
changes, program requirements for air and water quality management planning, 
land use planning, and preparation of environmental impact statements. 
Institutional Arrangements--
Institutional arrangements involve private and public organizations and 
government at all levels which have authority to select, implement, operate 
and enforce physi~ methods. The term arrangements implies an organizational 
structure and the cooperative mechanism of legislative and administrative 
bodies from the national to the local level. 
A combination of various types of physical methods, implementation in-
centives, and institutional arrangements comprises a "residuals management 
strategy." The objective of a strategy is to reduce or eliminate the dis-
charge of residuals and thereby mitigate or avoid their environmental impacts. 
The general conceptual framework for the application of strategies for residurus 
environmental quality management is shown in Figure 2. As indicated an effec-
tive strategy may require an number of measures applied at various points as 
residuals flow from generating activities to ultimate receptors. 
RESIDUALS MANAGEMENT MODELS 
To examine the technological, economical and environmental dimensions of 
alternative residuals management strategies generally requires the use of a 
model. Such a model must be capable of analyzing the impacts on the environ- . 
ment of various pollution control strategies together with their costs. The 
purpose, then, is to develop information on which to base public decision 
about environmental plans according to some criterion, such as cost-effective-
ness. A number of regional environmental models have been developed ranging 
from those using coefficients for residuals discharges (Herzog and Ridker, 
1972) to regional linear models using mathematical programming techniques 
(Spofford and Ehler, 1976). Of the latter type, the residuals management model 
developed at Resources for the Future (Russell and Spofford, 1972) provides 
an analytical structure through which both strategies and impacts can be ana-
l.yzed and evaluated.· The core of this model is an interindustry input-output 
model cast as a linear progr&-nming model which optimizes on an "economic 
efficiency" objective to produce a specific bill of goods at least cost. 
Figure 3 illustrates the overall model structure. The linear programming 
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Table 1. Classification of physical method for improving ambient environ-
mental quality. 
CATEGORY OF HETHOD 
A. REDUCE 
RESIDUALS 
GENERATION 
B. MODIFY RESIDUALS 
AFTER GENERATION, 
IN ON-SITE AND/OR 
COLLECTIVE 
FACILITIES 
C. MAKE BETTER USE OF 
THE ASSIMILATIVE 
CAPACITY OF THE 
NATURAL ENVIRONMENT 
D. INCREASE THE 
. ASSIMILATIVE 
CAPACITY OF THE 
NATURAL ENVIRONMENT 
SUBCATEGORY 
1. Increase logevity of consumer goods 
2. Change type of raw material inputs 
3. Change production process including mode 
and/or motive pmver of transport 
4. Change final demand 
a. Change product mix 
b. Change product specifications 
5. "In':"'plant" recirculation of \Vater 
1. Naterials recover (direct recycle) 
2. By product production (indirect recycle) 
a. to final products 
b. to intermediate products 
3. Modification of residuals stream 
4. Effluent reuse 
a. Direct 
b. Indirect 
1. Change the spatial distribution 6f ex-
isting and/or new activities 
2. Change the temporal distribution of 
exis ting and/or ne'tv ac ti vi ties 
3. Change the spatial distribution of the 
discharge of residuals 
4. Change the temporal distribution of the 
discharge of residuals 
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Tahle 2. Classification of implementation incentives for EuviroThuental 
quality management. 
Regulatory--by 1m." ordinance, permit 
1. Specification of a physical method 
a. Specify characteristic(s) of raw material input. 
b. Specify production "process". 
c. Specify residuals modification and/or handling process. 
d. Specify product output characteristics. 
2. Specification of a result or performance 
a. Residuals discharge per unit of product or raw material processed 
..:: specified amount. 
b. Total quality of a residual discharged per unit of time < 
specified amount. 
c. Concentration of residuals in effluent < specified magnitude. 
d. AEQ should meet or exceed specified levels for specified periods 
of time. a 
e. Product must achieve a specified performance standard. 
f. Producer must prove that a product is environmentally "benign." 
3. Specification of limitations on location of activity. 
4. Specification of extent, timing type of activity. 
5. Specification of procedure. 
Economic 
1 •. Charges applied. directly to residuals discharge. 
2. Charges applied to resource inputs or product outputs~ 
3. Charges applied to activities. 
4. Financing applied to residuals modification. 
5. Direct public investment in other than residuals modification fa-
cilities. 
Administrative-~by order within governmental or private agencies 
1. Policies applied directly to handling residuals. 
2. Policies applied to use of products. 
3. Policies applied to operational activities. 
Judicial 
Court and/or administrative la,v review and action, or threat thereof. to 
compel compliance; civil and/or criminal suits. 
:Educational/Informational 
Educational/informational programs can be mounted to acquaint individuals, 
groups, employees within a firm or agency, of the implications of their 
activities with respect to residuals generation and adverse impacts on 
ABO, and \,.ith alternative behavior patterns which ,,.ould reduce such impacts. 
11 
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inter-industry model relates inputs and outputs of various production processes 
with the key output being a vector of residuals generated by the production of 
each product including transformation cost of the residuals. The environmental 
model describes the fate of various residuals after their discharge in terms 
of their effect on ambient enviroTh~ental quality at receptor points through-
out the region. Essentially, these are non-linear transformation functions 
operating on the residuals vector. Finally, the environmental evaluation 
section computes the damages resulting from the concentrations of residuals in 
the environment. Constraints are specified as environmental standards with 
penalty functions assessed for their violation. To date model applications have 
have fallen into two broad categories: (1) analysis of specifiG industries 
or economic sectors and (2) analysis of a'region. At the industry level, 
applications have been made to a case study in Ljubljana, Yugoslavia has been 
accomplished (Bower and Basta, 1973), to the petroleum refining industry 
(Russell, 1973), to integrated iron and steel production (Russell and Vaughan, 
1974), and at the regional level to the Delaware River.Basin (Spofford and 
Ehler, 1976). In a general sense, the industry type models could be considered 
as submodels that would fit within a regional analysis. Naturally, a regional 
analysis is called for in integrating 208 water quality planning and air quality 
maintenance (AQM) planning. 
The example of the Delaware River Basin is of particular interest since 
it represents an application to total regional environmental management con-
sidering a broad variety of activities and environmental pollutants. The 
model, applied to the Lower Delaware Valley region, is designed to minimize the 
cost of producing 1970 output levels at industrial plants, of meeting elec-
tricity and space heating requirements, and of handling and disposing of waste-
water and solid residuals. The environmental quality constraints imposed in-
clude disolved oxygen (DO) levels, fish biomass and algae concentrations in 
the Delaware Estuary; concentrations of sulfur dioxide and suspended par-
ticulates in the air at 57 receptor locations; and the types of landfill oper-
ations which can be employed at sites in the region. The second group of con-
straints deal with the distribution of increases in consumer costs for elec-
tricity, space heating, sewage disposal and solid waste handling. The complete 
model consisted of linear programming (LP) residuals generation and discharge 
model consisting of the following regional activities: 7 petroleum refineries, 
5 steel mills, 17 thermal electric plants, 57 home heating andS7 commercial 
heating activities (one each for each political jurisdiction), 75 discharges 
of gaseous residuals, 36 sewage treatment plants on theE~tuary, 10 paper 
plants, 23 municipal incinarators, 57 solid residual handling and disposal 
activities, 23 Delaware Estuary industrial dischargers, and 22 in stream 
aeration activities in the estuary. The large LP model consisted of 8,000 
variables and over 3,000 constraints. In addition the regional model incor-
porated two environmental models: a non-linear ecosystem model of the Dela-
ware Estuary, and a linear air dispersion model. To summarize, the residuals 
management modeling approach examines the resource inputs and residuals out-
puts of socio-economic activities including the transformation of residuals 
by environmental processes, and the impact of residuals on receptors. Physical, 
technological, and institutional strategies f~r control are examined and 
analyzed as to their effectiveness. 
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RESIDUALS }IANAGEHENT UNDER ALTERNATIVE FUTURES 
There is, of course, wide variety in characteristics of regions through-
out the country, ranging from the relatively undeveloped areas rich in natural 
resources to highly developed industrial regions. Developed industrial regions 
generally have a stable economic structure. while resource development areas 
may be subject to strong exogenous forces of economic change. The residuals 
management model applied to the Delaware region represents a case where the 
regional economic structure is relatively stable, not subject to rapid growth 
or decline precipitated by economic decisions external to the region. For 
this stable situation, the economic can be used to generate residuals dis-
charges from input-output model structure producing a specified level of de-
mands for goods and services. 
However, for regions with economics that are export based having a large 
portion of the activity centered on resource extraction, the economic driving 
forces for the region are primarily exogenous. This, together with the usual 
dependency of such regions on imported manufactured goods, makes it difficult 
to develop the data required for an input-output model. One way to handle 
this situation is the approach shDWll in Figure 4. Here, sets of events are 
combined into alternative futures and their relation to other production and 
consumption sectors in the region form the basis for the activity model. 
The purpose of this study is to develop and demonstrate the application 
of the residuals management concept in a region where there is a broad range 
of future development levels depending on occurance of external growth forces. 
The model for analysis of residuals management strategies in this setting is 
organized into five major areas as indicated in Figure 5. In this research, 
the model for analysis was applied to a case study region in order to examine 
its usefulness as a management tool. 
Alternative Futures -Population and Economic Projections 
Alternative futures represent combinations of externally (Le. outside 
of the region) determined events which bring about changes in the population 
and economic structure of the region. For the events comprising the alternative 
futures, estimates of changes in primary economic or basic industry employment 
are made for the region. Economic and demographic models are then used to 
project population and employment levels under the alternative future, associated 
'tnth both the basic economic sector and the secondary or service oriented /~ 
economic sectors changes. 
Land Allocation and Location Analysis 
The land use requirements and location alternative for projected levels 
of activity is the next important concern in analyzing residuals discharge and 
impacts in the region. This part of the analysis requires projections of land 
use requriements for alternative futures and analysis of alternative locational 
patterns. The land use location analysis is based on availability of land and 
infrastructure services, and the capability of land to accomodate different 
uses. The analysis identifies potential locations of residuals discharge points. 
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SECTION 5 
DESCRIPTION OF THE STUDY REGION -
UINTAH BASIN, UTAH 
DELINEATION OF THE STUDY REGION 
As a study region, the Uintah Basin in Southeastern Utah was identified 
as an area of prime interest because the region could undergo extensive ener-
gy resources development (oil shale t tar sands t oil. and natural gas). A 
large population ~nflux and rapid growth in infrastructure would also result 
from the exploitation of the region's rich deposits of energy resources. To 
assess the impact of these changes requires analysis of residuals generation 
and environmental management strategies for the region. 
The Uintah Basin can be characterized in broad terms as a rural region 
having generally high environmental quality levels. The area could, however, 
experience negative impacts due to rapid growth caused by the development of 
mineral and other resources. In delineating the study region (see Figure 6), 
which includes Duchesne and Uintah Counties; the main considerations were (1) 
that the area should be large enough to include a significant portion of the 
development induced by changes in basic economic sectors, (2) that the area 
encompass the environmental resources that contribute to or are impacted by 
developments, and (3) that it coincides as closely as possible to conventional 
subregional units of data organization, such as hydrologic basins and county 
boundaries. 
RESOURCES AND ENVIRONMENTAL QUALITY 
From the standpoint of resources and environmental media conditions. those 
of major concern in the study are land and mineral resources, water resources 
and air. A brief description of the current patterns of land, water and air 
resource availability, use. and quality is provided as a basis for viewing 
potential development impacts and considering management strategies. 
Land-based Resources 
Within the study region, land resources are abundant relative to the 
number of inhabitants and level of economic activity. The counties of Duchesne 
(3,255 square miles) and Uintah (4,487 squarp. miles) contain approximately 
five million acres. Respective population densities per square mile in 1970 
,vere 2.24 and 2.8 for the two counties. Population density for the state in 
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the same year was 12.9 persons per square mile. Duchesne and Uintah lie ~.jith­
in the Colorado Plateau. The Plateau is characterized by areas of rough eroded 
lands, many nearly level bench lands and broad valleys with smaller basins 
along tributary streams. The benches and table lands are prominent features 
of the landscape and in many areas these provide a suitable land base for 
agriculture. The rough lands, although scenic, are not suited for intensive 
forms of agriculture but are utilized extensively as range for livestock and 
big game. 
Land Use--
Historically land uses have changed only marginally in response to chan~s 
in land prices, technological developments, and minor resource discoveries. 
Hence present land use conditions. will likely exert a strong influence on the 
types of future land uses and related resource developments. Table 3 suw~­
rizes water related land use by county for the study area. The predominant 
use is irrigated cropland; some 232,493 acres are committed to this use. 
Uintah and Duchesne counties comprise 79 percent of the Uintah Hydrologic Area. 
Land o\.Jnership patterns in the study area are presented in Table 4. The 
principal owner of land in both counties is the federal government. Located 
inside' (or partially inside) the study area are Dinosaur National Honument, 
Ashley National Forest, and two federal oil shale lease tracts. Situated in 
the center of the Uintah Basin is the Uintah and Ouray Indian Reservation. As 
Table 4 indicates the percentage of private ownership of land is much higher 
in Duchesne County than in Uintah. 
Mlneral Reserves--
The Uintah Basin contains a wide variety of mineral deposits (see Table 
5). The only commercial deposits in the world of gilsonite, a natural, black 
hydrocarbon with an appearance similar to coal or hard asphalt, are located 
in the t,vo counties. The coal deposits in the Uintah Basin are in the t~.,o 
areas: the Blacktail (Tabby) Mountain and the Vernal fields. The totalorigi-
nal coal reserves were estimated to be 2,000 million short tons. In the past 
the Vernal field has been mined. However, no co~~ercial mine is currently 
in operation in the two county area. 
There is a significant phosphate deposit on the southwest slopes of the 
Uinta Mountains. The deposit comprises 120 million metric tons of phosphate 
rock. The field, which is located just north of Vernal, is currently being 
exploited. Only the higher grade seams (25.5-30.5 percent PZ05) are being 
mined. 
About 3,000 square miles in Uintah County is underlaid by oil shale 15 
feet thick and averaging at least 15 gallons per ton. Gross oil in place in 
the two county area is estimated at 3Z0 billion barrels. The oil shale lands 
have a varied ownership pattern. However, the principal owner is the federal 
government. Two federal tracts (U-a and U-b) have been leased to a consortium 
of three oil shale companies. Some potentially productive oil shale land is 
located under the Hill Creek Extension of the Uintah and Ouray Indian Rese~­
vation, but the federal government claims ownership to the mineral rights. 
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Table 3. Summary of water related land use in the study area (in acres). a 
Use Classification Duchesne Uintah Total 
Irrigated Cropland 130,065 102,428 232,493 
Dry Cropland 1,458 46 1,504 
Other Land Use b 3,382 3.480 6,862 
Industrial Use 165 390 555 
Open Hater Surfaces 2,592 5,553 8,145 
Phreatophytes 60,693 52,703 113,396 
Total 198,355 164,519 362,874 
aSource: Utah Division of Water Resources, 1971. 
bThis category includes urban land and residential in rural areas. 
Table 4. Land area in Duchesne and Uintah Counties by ownership.a 
Ownership Duchesne Uintah Utah 
Acres Percent Acres Percent Percent 
Federal Land 980,597 47.1 1,856,529 64.9 67.1 
Indian Land 204,164 9.7 441,023 14.4 4.1 
State Land 74,502 3.6 232,625 8.1 7.2 
Private Land 783,587 37.6 349,931 12.2 21.6 
Other 4,317 11,972 .4 .8 
Total 2,083,900 100.0 2,862,080 100.0 100.0 
a Source: U.S. Department of Agriculture, 1970. 
Mineral Known Units Reserves 
Phosphate 120 Hillion Hetric Tons 
Oil Shale 320 Billion Barrels 
'I'ar Sands 5 Billion Barrels 
Coal 2,000 Hillion NetricTons 
Oil 274 HUlion Barrels 
~ 
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Utah's first sizable productive oil field was located in the Uintah Ba-
sin. Of the recent discoveries in the study region, the Altamont Bluebell 
field is the most active. The oils in the area are generally ~yaxy and have a 
high pour point. This makes the oil difficult to bring to the surface and 
transport. The basin also has good quality natural gas. A primary problem 
with its production is the rapid decline in reservoir pressure when the wells 
are placed on flow. 
Bituminous sands, rock asphalts, or tar sands are bitumen impregnated 
porous lode. Until the recent interest in tar sands as a potential crude oil 
source, the resource was primarily used to surface roads. Just west of Vernal 
is a deposit known· as the Asphalt Ridge~ Here the outcrop is about 14 miles 
long and ranges in thickness to 200 feet. Located in the southwestern corner 
of the study area is an extensive deposit known as P. R. Springs. These de-
posits have not been mined in the past because of their remote location. 
l{ater Resources and Water Quality 
Patterns of resource development within the study region, as with most 
areas of the mountain west, are closely related to water. The arid nature of 
the climate dictates that virtually all activities, such as expansion of resi-
dential housing, irrigation and industrialization, must have access to a re-
liable source of water. Continued expansion and development in the study 
region will increase the demand for water resources, both as a source of sup-
ply and as a receiver of wastelvater discharges. 
Water Supply--
. The map of Figure 7 illustrates the river system within the study region. 
The Green River above Green River, Utah, is drained by the main stem of the 
Green River and lies immediately downstream from Ouray, Utah. Contributions 
from in-basin tributaries are hardly Significant in terms of the total flows 
of the Green River. The agricultural system has no appreciable effect on out-
flows •. Basically, inflows are virtually unmodified by the basin as they move 
to the outlet point. Ashley Creek flows near Vernal, the major population 
center of the basin, and discharges directly into the main stem of the Green 
River. The waters of Ashley Creek are used extensively for irrigation within 
the region. The Duchesne River and its tributaries drain the south side of 
the Uinta Mountains. This system also involves extensive agricultural areas. 
The lower part of the White River drainage to its confluence with the Green 
River lies in the area of the study region which is rich in oil shale and 
other mineral deposits. 
The ,vater. supply in the low'er reaches of the system depends on stream flo~" 
which is fed by high mountain snow pack accumulated in the winter season and 
reservoir storage. The quantity of water which traverses these lower ele-
vation areas is depicted quantitatively and graphically in Figure 8. Esti-
mates of water flow reported in this figure are mean annual flows (average 
yield per year) based on a 30 year history of flow measurements taken at stra-
~egic points on the system. The flows into the rivers are represented by in-
coming.arrows, while depletions due to evaporation, exports, agricultural and 
wet lands evapotranspiration are shown as arrows leaving the system. While 
these physical estimates are useful it is important to note that the river 
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system is fully appropriated so far as water rights decrees and filings. 
These estimates of physical supply for the study region provide a basis for 
examining existing claims on water in light of potential future development 
Hhich represent additional demand. 
\.Jater Use--
Hater depletions for major subbasins of the Upper Colorado Basin ,yere 
estimated as a part of the comprehensive framework studies of the Colorado 
River System. The Green River Subregion comes closest to approximating the 
Uintah study region. Water use depletions for 22 industries and households~ 
fish and wildlife, recreation, and export developed for the years 1965, 1980, 
2000, and 2020 are presented in Table 6. The agricultural industry accounts 
for some 80 percent of total use in 1965, and, although the use level in-
creases over the projected period, its percentage declines to about 50 per-
cent of total use by the year 2020. 
Air Resources 
Air quality in the Uintah Basin is very good. Since the region is expan-
sive, and population and development activities are Hidely dispersed there has 
been little degradation of air quality by man's activity. However, with high 
air quality and visibility in the region any large source of emissions would 
be all the more noticeable. Currently, background levels for particulates 
around the major communities are in the range of 20 to 40 micrograms per cu-
bic meter. 
ECONOMIC STRUCTURE AND DEMOGRAPHIC PROFILE 
Economic Structure 
The economic structure of the region is best described by the distribu-
tion of employment by sector and the sources of personal income and earnings. 
Summary data for the two-county area are shown in Table 7. The table indi-
cates that agriculture accounts for 13 percent of total employment, but the 
most important basic sector is mining with 22 percent. As is true in most 
regions, the combined trade and services sectors are the largest in terms of 
relative share of employment. These population-dependent or population~erving 
sectors tend to grow roughly in proportion to basic employment, and are not 
considered as "driving forces 11 in regional economic change, i.e., employment 
in trade and services is determined by population growth -';I1hich, in turn, is 
determined by change in the basic sectors such as agriculture, mining, manu-
facturing, and government. Tne recent period 1971-1974 has been one of ac-
celerated growth for the Uintah Basin, especially in Duchesne County and, to 
a lesser extent, in Uintah County. All relevant economic indicators, popu-
lation, employment, and income, have been grm.:ring at rates significantly higher 
than those achieved in the period 1960-1970 (and in some cases at rates several 
times higher than those for the state). Because grm-1th in the state has also 
accelerated in recent years, the development pace in the Uintah Basin is even 
more impressive. This growth is largely attributable to a significant expan-
sion of conventional oil and gas exploration and production activity. 
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Table 6. Water depletion requirements for OBE-ERS projections, Green River 
Sector 
Agriculture 
Oil and gas 
Coal 
Uranium and non-fuels 
Food and kindred products 
Lumber and \17ood products 
Printing and publishing 
Stone, clay and glass 
Other manufacturing 
Wholesale trade 
Service stations 
Eating and drinking places 
Other retail 
Oil field services 
Lodging 
Other services 
Transportation 
Electric energy 
Other utilities 
Contract construction 
Rentals and finance 
Government 
Households 
Subtotal 
Fish and wildlife 
Recreation 
Export 
Subtotal 
Main stem reservoir evap. 
Total 
Colorado 
__ ~~ ______ ~Acre-Feet Per Year 
1965 1980 2000 
831,939 
8,071 
5.879 
1,897 
47 
192 
1 
40 
19 
37 
22 
43 
118 
465 
65 
53 
81 
1,783 
3 
1,330 
19 
313 
6,006 
858,423 
8,000 
500 
120,900 
987,823 
67,000 
1,054,823 
860,347 
10,026 
10,826 
5,611 
72 
488 
3 
75 
112 
60 
37 
77 
210 
576 
139 
118 
144 
10,804 
5 
2,394 
36 
580 
7,388 
910,128 
49,400 
800 
255,000 
1,215,328 
67,000 
1,282,328 
908,381 
9,079 
22,297 
10,852 
119 
885 
5 
143 
254 
116 
77 
165 
410 
496 
335 
313 
286 
28,914 
11 
4,857 
71 
1,176 
7,979 
997,221 
49,400 
1,300 
587,000 
1,634,921 
67,000 
1,701,921 
Source: Water Resources Council, 1971. 
Population Characteristics 
2020 
952,966 
2,799 
23,844 
16,615 
183 
1,475 
11 
284 
565 
222 
159 
355 
864 
152 
769 
795 
537 
38,190 
21 
9,120 
143 
2,386 
8,941 
1,061,396 
49,400 
2,200 
652,000 
1,764,996 
67,000 
1,831,996 
Table 8 shows the 1960, 1970, and 1975 populations for Duchesne and 
Uintah Counties and the principal to,vns in each. It also shows the percentage 
~opulation increase or decrease in each of these political entities for tile 
period in question. As is readily apparent the study area has grown dramati-
cally since 1970. 
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Table 7. Comparison of employment by sector for the state and study area ~ 
1974. a 
Sector Utah (State) 
Agriculture 20,993 (5%) 650 (11%) 
'Hining 13,289 (3) 1,070 (18) 
Construction 23,953 (5) 250 (4) 
Hanufacturing 69,279 (15) 333 (6) 
TCU 26,823 (6) 416 (7) 
Trade 102,168 (22) 1,221 (21) 
FIRE 93,175 (20) 1,010 (17) 
Government 108,183 (24) 954 (16) 
TOTAL 457,863 5,904 
Source: Utah Department of Employment Security. 
a Excludes self-employed and unemployed. 
672 (15%) 
1,217 (28) 
233 (5) 
118 (3) 
193 (4) 
723 (17) 
457 (ll) 
723 (17) 
4,336 
Table 8. Population of counties. cities, and towns ~vithin the study region. 
Area Population Percent Percent 
1960 
Change Change 
1970 1975 1960-1970 1970-1975 
Duchesne 7,179 7,299 12,734 1.7 74.5 
Altamont Town 102 129 400 26.5 210.1 
.Duchesne· City 770 1,094 2,527 42.1 131.0 
Myton City 329 322 585 - 2.1 81.7 
Roosevelt City 1,812 2,005 3,885 10.5 48.4 
Tabiona Town 167 125 217 -25.1 73.6 
Uintah Basin 11 ,582 12,684 16,825 9.5 32.6 
Maeser Tmvn 929 1,246 34.3 
Vernal City 3,655 3,908 6,405 6.9 63.9 
Source: U.S. Bureau of the Census. 
County Population Estimates for Utah, July 1975, Utah Economic 
and Business Review. 
ALTERNATIVE FUTURES FOR THE STUDY REGION 
An alternative future is defined as a combination of events occurring as 
a result of economic forces and decisions exogenous to the region, which 
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directly impact on the region's basic economic sectors. The economic produc-
tion and consumption levels associated with alternative futures are the basis 
for generating the range of residuals discharges against which environmental 
management strategies must be assessed. 
Exogenous Events 
The exogenous events considered by the Office of the State Planning Co-
ordinator (1975) comprising the alternative futures for the study region are 
briefly outlined as follows: 
Oil Refinery, Dewaxing and Petrochemical Plant--
Expansion of oil refining has been discussed in connection with increased 
oil drilling activity in the Uintah Basin. There is one refinery in existence 
in the area now, located in Roosevelt, Duchesne County. 
Central Utah Project--
The Central Utah Project, a Bureau of Reclamation water development proj-
ect for the Uintah Basin, consists of three units: Jensen, Upalco, and Uintah. 
These units are relatively small, and therefore while a sizable employment 
force is needed during construct:i.on, the construction period does not last 
long. 
Oil Shale Development--
Two tracts (U-a and U-b) were leased by the federal government in June 
1974, totaling 10,240 acres in the Uintah Basin. Tract U-a 'tvas leased by Sun 
Oil Company and Phillips Petroleum Company and Tract U-b was leased by \{hite 
River Shale Oil Corporation. The type of process to be used for mining and 
recovery of the shale oil is still undecided. The proposed capacity. of the 
plant is 100,000 barrels a day. 
Tar Sand Development-~ 
The tar sand deposits in Uintah County are believed to hold an estimated 
11 billion barrels of oil. One lease on these lands has been granted to Sohio 
Petroleum Company and the company is experimenting with a surface mining pro-
cess at the present. However, surface mining may only be applied to a small 
percentage of the total tar sands area. An in situ method will have to be 
developed to recover the rest of the oil. 
Phosphate Production--
In the present mining and processing operation the highest grade of ph os-
phates is being developed. If new development were to occur it ,vould exploit 
lower grade resources. Due to this fact and the present steady state of the 
market expansion of the industry would be slow. 
Oil Exploration Decline--
This event identifies the potential negative impact of reducing present· 
levels of oil development in the Uintah Basin. Primarily, it involves an 
!:!srlier phase out of all oil exploration in the basin than under present pro-
grams. The effect of these events on basic employment sectors in the study 
region are estimated in Table 9. The changes in basic employment are the 
basis for estimating or projecting changes the total regional economic and 
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Table 9. Changes in basic employment for exogenous events. 
Event Year 
__ -,--=B~A~SIC E~[PLOYHE(';T SECTOR 
Con- Hanu-
Hining 
struction facturing TCU 
demographic structure resulting from an alternative future. 
Alternative Futures 
The combinations of six events making up ten different alternative futures 
(Office of the State Planning Coordinator, 1975) for the study region are shmm 
in Table 10. These are used as the basis for analysis of residuals generation 
and management strategies. The general implications of the critical alterna-
tive futures for the basin are briefly discussed as follows:" 
Future Zero--
The baseline set of events for the regtonal projections is designated as . 
Alternative Future Zero. These are the basic employment events viewed as most 
likely to occur during the projection period (1970-1990), and total employment 
and demographic impacts are projected from these eventS. Future Zero 
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Table 10. Alternative futures: events and combinations. 
I. 
II. 
III. 
IV" 
V. 
VI. 
VII. 
Uintah Basin 
.wI I 
U 
(!) 
'r-) 
a 
H c:: 
P-< a 
EVENTS '..-i :>. ..c .w 
H C'j C'j 
CI.l .w til H 
c:: :::J CI.l til (!) a 
• ..-i rl 'd .w rl 
4-1 rl c;J c:: c;J 0. 
CI.l c;J ..c c;J ~ X ~ H U) U) ~ 
.w til 
rl c:: rl H a rl 
FUTURE • ..-i CI.l • ..-i c;J ..c '..-i 0 U 0 E-< P-< 0 
32 33 34 35 36 37 
I 
II 
III 
IV + + 
V -
VI + 
VII + + 
VIII + + 
IX 
·X + + + + + 
Depression Economy VIII 
Recession Economy 
Recession, Some Rural Development . IX. 
Extensive Rural Development 
Some Urban and Rural Development 
Extensive Urban Development; X. 
Some Rural Development \-Jith 
Emphasis on Agriculture 
Extensive Urban Grmvth--
Nanufacturing Based" 
Extensive Rural Growth--
Resource Development and Pm-ler Plants 
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Non-Electrical Export Energy 
Development 
Kennecott and Geneva Steel 
Shutdown and Kaiparmvits 
is Abandoned 
Extreme Extensive Development 
in Rural and Urban Areas 
establishes a baseline from which the degree of change resulting from events 
of other alternative futures can be measured. Even though Future Zero con-
sists only of events considered highly likely to occur, it does not represent, 
in any sense, the combination and level of events that will occur. It should 
also be emphasized that Alternative Future Ze~o is not produced as an extrapo-
lation of past trends. If the most likely set of events constitute a signifi-
cant break in historical trends, either up or down, for any area, then these 
are incorporated in Zero. This point is clearly illustrated for the current 
Alternative Future Zero for the Uintah Basin in which areas the relative stag-
nation indicated by 1950-70 trends is reversed as a result of virtually certain 
expansionary events relating to energy production. 
It is presumed that the most likely set of events in the Uintah Basin in 
the projection period includes the continued and expanded petroleum explora-
tion drilling to a peak sometime between 1975 and 1980. After this peak, dril-
ling will decline for exploration, but basic mining employment will be sus-
tained to some extent by production, rather than, exploration. Crude oil ,viII 
continue to be transported out of the Uintah Basin by tanker truck during the 
mainly production period following 1980. 
In Future Zero, no dewaxing plant, oil refinery, or pipeline is included 
in the component events. On the other hand, neither is a marked reversal in 
current exploration policies included. Also, no development of either tar 
sand or oil shale deposits is included. All of these events will, of course, 
be analyzed for their economlc and demographic implications by their inclu-
sions in various alternative futures. 
Alternative Future IV--
In Alternative Future IV the growth attained by the urban areas of the 
state as sho\vu in Alternative Future Zero is sustained. However, the rural 
areas of the state undergo extensive development especially in the areas of 
power plant and resource development, such as oil shale, coal, and uranium. 
Alternative Future V--
In this alternative future urban and rural employment increases at a 
greater rate than is shown by Alternative Future Zero. Recreation and tourism 
increase statewide. In the Uintah Basin MeD, oil exploration is curtailed 
by 1990. 
Alternative Future VI-~ . 
In Alternative Future VI, the urban areas' of the state undergo extensive / 
development. The rural areas of the state undergo development in agricultural 
and related areas, such as the Central Utah Project. 
Alternative Future VII--
Urban growth in this alternative future is mainly in the manufacturing 
sector. The major impact of this future is felt in the rural areas as a 
result of resource and power plant development. Events such as oil <end gas, 
uranium, phosphates and tar sands occur in the rural portions of the region. 
Alternative Future VIII--
This alternative future projects growth based primarily on energy re-
sources, but excluding those events based on the direct export of electrical 
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power. These resources include geothermal, oil and gas, uranium, coal mining, 
and oil shale. The effect of these events will again be felt in the rural 
areas of the state, with the urban areas experiencing additional growth due to 
the indirect effects of these developments. 
Alternative Future x--
Alternative Future X is an extremely expansionary future. All of the 
exogenous events take place. Some have called this future, UTAH-A National 
Sacrifice Area, due to the complete exploitation of all the resources of the 
state. 
Economic and Demographic Projections 
for Alternative Futures 
. The effects of alternative futures on the economy and population of the 
region are projected by the UPED model, an economic and demographic model 
developed by the Office of the State Planning Coordinator. A more complete 
description of the model is given in Appendix A. The major assumption in the 
model is that the export demand for regionally produced goods and services is 
the driving force behind regional growth or decline. The demand for labor by 
each of the seventy-eight industry sectors is composed of two elements, basic 
and residentiary_ The model forecasts the pressures for labor force migration 
which would result from either excess or deficit demand for labor in each re-
gion (multi-county planning district). It also forecasts population totals 
and population charac~eristics in terms of age. sex, and size of labor force. 
To arrive at these forecasts the model starts with the detailed data of 
the 1970 Census Fourth Count. It then adjusts this count for would-beresi-
dents absent at the time of the count and for those counted who are only tem-
porary residents. Then the model determines the number of people, by age 
group, who can be expected to survive and to be born to survivors by 1975, 
1980, 1985) and .1990) and adjusts for those 1:~ho migrate in or out for retire-
ment purposes and for those 1:~ho are not part of the labor force. By applying 
labor force participation rates to the aged and survived populations, the 
indigenous supply of labor for the region is determined. 
To determine the demand for labor in each region (to be compared to the 
supply of labor in order to assess migration pressures) the model projects 
current numbers of jobs by employment sector. It adds to these numbers the 
basic jobs 1:"hich would be created by each event in an alternative future. 
The total direct basic employment impact of each alternative future is sum-
marized in Table 11. Finally, it estimates and adds the number of population 
dependent jobs which would result from the population growth (or decline) 
caused by these events. 
Thus, the model creates, for the region, indications of the demand for 
labor, by employment sector, and of the supply of labor. If the demand ex-
c.3eds the supply there '1Jill be pressure for in-migration. If the supply ex-
ceeds the demand there will be pressure for out-migration. The extent of this. 
pressure will depend on the rate of unemployment in the region, in the state, 
and in the nation. The model outputs projections of levels and composition 
of future economic and demographic characteristics for the region. Further, 
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Table II. Direct basic employment (add on to Alternative Future Zero for ) . 
Sectors 
A.F. Year Total Ag. Mining Canst. Manu. TCU Trade FIRE Ser. Gov. 
1975 14799 992 3019 1289 767 702 2474 259 2136 3161 
ZERO 1980 15619 939 3020 1098 932 854 2859 328 2419 3169 1985 15467 869 2648 1117 1019 858 2903 362 2489 3200 
1990 14866 797 2266 1018 1103 839 2830 379 2480 3155 
1975 30 0 30 0 0 0 0 0 0 0 
FOUR 1980 2957 0 600 1650 650 57 0 0 0 0 1985 1995 0 1200 134 650 11 0 0 0 0 
1990 1850 0 1200 0 650 0 0 0 0 0 
1975 338 0 0 0 0 12 204 0 122 0 
FIVE 1980 406 0 0 0 0 14 246 0 146 0 1985 - 444 0 - 915 0 0 16 287 0 168 -444 
1990 -1027 0 -1556 0 0 18 327 0 194 0 
1975 338 0 0 0 0 12 204 0 122 0 
w 1980 1195 0 0 650 0 71 328 0 146 0 
.po.. SIX 1985 780 0 0 134 0 27 451 0 168 0 
1990 786 0 0 0 0 18 574 0 19lf 0 
1975 0 0 0 0 0 0 0 0 0 0 
SEVEN 1980 136 0 50 0 4 0 82 0 0 0 1985 292 0 110 0 18 0 164 0 0 0 
1990 404 0 110 0 47 0 247 0 0 0 
1975 30 0 30 0 0 0 0 0 0 0 
EIGHT 1980 2250 0 600 1000 650 0 0 0 0 0 1985 2000 0 1200 125 675 0 0 0 0 0 
1990 1875 0 1200 0 675 0 0 0 0 0 
1975 368 ·0 30 0 0 12 204 0 122 0 
1980 3497 0 650 1650 652 71 328 0 l lf6 0 TEN 1985 3008 0 1310 359 693 27 451 0 168 0 
1990 2821 0 1310 0 722 18 574 0 197 0 
'. 
" 'I 11\ '! 
by comparing projections for different alternative futures, the impacts of the 
various major developments of which the futures are comprised are estimated. 
Table 12 shows the employment impact by sector of the various alternative 
futures. Alternative Future V with its cutbacks in oil exploration causes the 
largest negative effect while Alternative Future X shows the largest positive 
gains. Figure 9 compares the population impacts of the various alternative 
futures. 
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Table 12. Direct and indirect employment impact (add on to Alternative Future Zero for impact analysis). 
Sectors 
A.F. Year Total Ag. Mining Const. Manu. TCU Trade FIRE Ser. Gov. 
1975 14799 992 3019 1289 767 702 2474 259 2136 3161 
ZERO 1980 15619 939 3020 1098 932 854 2659 328 2419 3169 1985 15467 869 2648 1117 1019 858 2903 362 2489 3200 
1990 14866 797 2266 1018 1103 839 2830 379 2480 3155 
1975 89 2 44 3 2 4 11 1 8 13 
FOUR 1980 5750 80 801 1785 747 213 689 98 533 805 1985 4431 55 1434 242 719 147 606 94 480 654 
1990 4399 46 1415 112 719 141 616 104 504 742 
1975 .723 52 10 14 23 34 288 11 188 104 
FIVE 1980 1010 44 46 25 31 Lf8 395 20 261 147 1985 - 774 22 - 975 - 16 6 - 2 203 -15 100 -96 
1990 -1758 10 -1545 - 40 - 5 -28 119 -39 19 -232 
1975 1407 119 3 18 101 46 560 26 324 210 w 
Q'\ 1980 2694 223 24 III 232 75 1045 61 516 406 SIX 1985 3512 237 23 89 330 89 1416 92 660 576 
1990 4360 234 24 97 415 106 1784 131 800 768 
1975 20 1 10 0 0 0 2 0 2 4 
SEVEN 1980 556 64 101 15 31 21 171 11 61 81 1985 1092 76 211 . 27 79 41 344 24 128 163 
1990 1540 88 238 40 137 56 505 37 188 251 
1975 89 2 44 3 2 4 11 1 8 13 
EIGHT 1980 4183 49 703 1083 707 112 493 71 387 577 1985 4139 46 1344 221 733 124 551 87 441 593 
1990 4139 40 135Lf 101 733 125 561 96 463 666 
·1975 811. 55 54 16 25 38 300 12 197 118 
TEN 1980 7314 190 978 1808 796 278 1245 127 853 1039 1985 6926 211 1577 433 859 251 1450 149 950 1044 
1990 7265 212 1581 191 910 . 261 1654 173 1061 1222 
\ 
'I 11\ 
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Figure 9. Total population impacts of alternative futures. 
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SECTION 6 
LAND USE AND LOCATIONAL ANALYSIS FOR ALTERNATIVE FUTURE ACTIVITIES 
APPROACH TO LOCATION ANALYSIS 
In order to assess growth impact on environmental quality and to examine 
residuals management strategies, it is necessary to identify alternative spatial 
patterns which development may take, particularly with respect to activities 
discharging residuals. The alternative spatial patterns of activity locations 
lead to identifying point and non-point sources, and subsequently to analyzing 
the probable residuals discharge impacts. In the formulation and evaluation 
of management strategies, changing the spatial distribution of activities andl 
or residuals discharges evaluated as a method for minimizing impacts. The 
ultimate effect of such management, of course, is to increase the amount of 
economic development that can occur within environmental carrying capacity limits 
through the use of planning approaches. 
In a highly resource-dependent economy, as is the case \·li th the study re-
gion, primary land use activities, such as natural resource extraction, provide 
the initial stimulus for economic growth and is the basic factor influencing 
location of induced secondary activities, such as residential and commercial 
development. Patterns of physical and economic geography further influence 
the locations of these secondary activities. At a smaller scale of analysis, 
other factors become more significant in influencing activity locations and 
spatial patterns. Various land using activities will locate according to 
specific production input requirements. availability of public services, and 
access to transportation and infrastructure neDvorks. Planning restrictions 
will further refine the final shape of land use patterns. Thus, planning 
factors, such as land capability and hazard patterns, environmental impact 
patterns, and unique cultural resources must be considered for identifying 
locations of land uses at a regional scale. 
Th.e socio-economic activities in a region fall into two generalcate-
gories: 
(1) Site-specific activities that must be undertaken at a 
particular location due to resource input requirements, 
and 
(2) Site-elective activities that have more general require-
ments and could be situated in any of a nunilier of alter-
native locations 
For site-elective activities, the identification of alternative locations in-
volves three levels of analysis: (a) assessment of land requirements, 
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(b) allocation of land to subregions based on the economic and intrastructure 
suitability of subregions to accommodate activities, and (c) use of environ-
mental resource and land capability constraints to establish alternative 
spatial patterns for activities allocated to a subregion. The alternative 
spatial patterns identified for activity locations can then be used to model 
the impact of residuals discharges on the environment and to examine the 
effect of managing residuals by land use policies. 
SITE-SPECIFIC ACTIVITIES 
The site specific economic activities in the basin are primarily associated 
mineral extractive industries. These are oil shale mining and retorting, 
phosphate lnining and benefaction, tar sands mining and processing, and gilsonite 
mining and processing. The location of these mineral deposits and the asso-
ciated mining and processing activities are indicated in Figure 10. Because 
of the nature of these industries and their markets, the level and timing of 
development are determined largely by decisions that. are external to the re-
gional. 
In addition, other major developments in the basin that are resource based 
include oil and gas exploration and drilling, and the Central Utah Water 
Project development. The major oil and gas fields in the basin are also in-
dicated in Figure 10. Drilling operations are fairly widely dispersed. The 
major resource impact of the Central Utah project is the storage and diversion 
of large quantities of water out of the basin. This will significantly affect 
the flows in some stream reaches and hence the pollution assimilative capacities. 
The secondary economic effects and population changes associated \vi th these 
activities are treated in the site-elective location analysis. One oil re-
finery is presently operating in the basin. Continued or expanded refining 
activities under alternative futures are examined for the existing site as well 
as other possible sites. 
SITE-ELECTIVE ACTIVITIES 
The development of spatial patterns for site-elective activities is 
accomplished in two-stages: (1) Land use allocation using the UPLAl.'ID model 
developed by the Office of the State Planning Coordinator, (1975), and (2) 
examination of land resource constraints using land capability analysis. 
Land Allocation 
The UPLAND Hodel--
Land use requirements for various activities in the region are first gen-
erated by the UPLAND modal from the employment and population projections of 
the UPED model. Then at a subregional level, the UPLAND model allocates land 
rEquirements for the economic and housing sectors to the various subregions 
o[ the study area. This is done according to availability of several siting 
requirements, such as employment sources, market locations, housing avail-
ability, services, etc. 
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Figure 10. Location of potential site-specific development in the Uintah Basin. 
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Figure 11 is a flow chart of the UPLAND model. The left hand column 
shows the inputs to the model. These include the projected population by five 
year age and sex cohorts and the projected employment by the 78 industry sectors~ 
including six government employment sectors, of the L~ED model. Other inputs 
take the form of data, public policy inputs and estimated parameters, such as 
income and housing data, land use and floor space data, transportation data, 
and zoning ordinances and maps. 
The right hand column shows the outputs of the UPLAND model. These in-
clude projections of households, population, employment, land use and tax base 
for each subregion area. To get from inputs to outputs the central concerns in 
developing the model have been simulating the processes which govern the lo-
cation of activities in space and allocating of land among competing uses. To 
achieve these simulaitons six separate sub-models, connected by a series of 
direct (solid line) and feedback (dotted line) relationships, are employed. 
In general, each submodel is concerned with simulating the conditions 
and behavior of a more or. less coherent subsystem in the economy and consists 
of a set of variables, relationships, and constraints as expressed by a system 
of equations and operations. Each submodel requires a set of inputs and pro-
duces a set of outputs. Direct and feedback linkages bet~veen submodels result 
when the outputs of one submodel serve as inputs into another. The model is 
designed to iterate one each year but within each yearly cycle multiple iter-
ations through submodels Three, Four, and Five are possible. The purpose of 
these iterations is to more closely approximate the continuous nature of real 
world adjustment processes. A more detailed description of the UPLAl.\fD Nodel 
is presented in Appendix A. 
Summary of UPLAND Model Outputs--
The UPL~D model projections and land allocations for the alternative 
futures under study are presented in Table 13. The table indicates, for each 
of the subregions in the study area the land requirements for the various 
economic activities as well as land use needed for housing the predicted pop-
ulation growth. The specific location alternatives for these uses are 
analyzed in the next section. The alternative siting of activities is then 
investigated as to residuals discharge impacts and effectiveness of controls 
in Section 9. 
Environmental Suitability and Locational Factors 
In additon to the factors considered by the UPLAND model, natural en-
vironmental factors important in the spatial distribution of activities are also 
examined in the location analysis. These include, soils and geologic char-
acteristics, watersheds, groundwater tables, floodways, vegetation types, etc. 
Using these elements along with the UP~~D model allocations provides the basis 
for setting possible spatial distributions of economic and demographic activ-
ities under alternative futures. The general procedure followed is as follows: 
1. Determine Land Ownership and Physical Barriers. Constraining factors 
such as private and public land patterns and boundaries, and physical 
restrictions ~ands extending into steep canyon area~ are determined. 
Private lands must accept the concentration of projected population 
in Duchesne, Roosevelt and Ashley Valleys, and in northern regions 
around Altamont. 
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Utah process land use tax base model (UPLAND). 
Table 13. Summary of UPLAND model land allocations for economic sectors 
for 1985. 
Census District 
County 
Vernal 
Bonanza 
Jensen 
West Side 
Hill Creek 
Uintah County 
Duchesne 
Roosevelt 
Altamont 
Myton 
Tabiona 
Dushesne County 
Future 
Zero 
Eight 
Ten 
Zero 
Eight 
Ten 
Zero 
Eight 
Ten 
Zero 
Eight 
Ten 
Zero 
Eight 
Ten 
Zero 
Eight 
Ten 
Zero 
Eight 
Ten 
Zero 
Eight 
Ten 
Zero 
Eight 
Ten 
Zero 
Eight 
Ten 
Zero 
Eight 
Ten 
Zero 
Eight 
Ten 
Ag. 
24,927 
26,612 
31,402 
1,873 
1,996 
2,316 
3,280 
3,495 
4,384 
40,151 
40,489 
43,737 
2,497 
2,661 
2,960 
72,728 
75,253 
84,799 
10,098 
10,759 
13,135 
22,443 
23,910 
28,218 
17,954 
19,129 
22,614 
2,245 
2,391 
3,270 
3,366 
3,587 
4,072 
56,106 
59,776 
71,309 
mning 
19 
20 
20 
11 
12 
13 
2 
2 
2 
28 
31 
32 
9 
9 
9 
69 
74 
76 
13 
13 
13 
11 
13 
13 
13 
14 
14 
16 
16 
17 
16 
16 
16 
69 
72 
73 
~ransportation. communication and utilities. 
Canst. 
16 
17 
18 
1 
1 
4 
4 
3 
10 
9 
10 
1 
2 
2 
31 
33 
34 
7 
5 
7 
15 
18 
18 
5 
7 
4 
7 
12 
10 
:I. 
1 
1 
36 
43 
40 
Sectors 
$ 
Services b 
100 
97 
105 
1 
78 
98 
4 
6 
8 
28 
136 
128 
1 
133 
317 
339 
52 
127 
213 
88 
153 
185 
10 
44 
51 
7 
16 
19 
4 
12 
14 
161 
351 
481 
4 
5 
5 
656 
660 
660 
642 
643 
643 
370 
371 
373 
1 
2 
2 
1,013 
1,016 
1,018 
Gov. 
175 
188 
194 
32 
101 
144 
9 
17 
32 
57 
70 
75 
26 
29 
33 
299 
405 
478 
40 
44 
22 
28 
32 
20 
35 
49 
22 
25 
27 
315 
376 
415 
Tot,,1 
25,939 
27,586 
32,392 
1,917 
2,188 
2,573 
3,299 
3,525 
4 11 431 
40,278 
40,739 
43,989 
2.533 
2,700 
3.004 
73,966 
76,738 
88,389 
10,853 
11,589 
14,060 
23,136 
24,711 
29.066 
18,006 
19,222 
22,716 
2,294 
2,472 
3,365 
3,641 
3,641 
4,131 
57,930 
61.635 
73,338 
blncludes manufacturing, wholesal~ and retail trade, finance. insurance, re~1 estate and services. 
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2. Activity Site Requirements. Activities were grouped according to their 
physical site requirements. Groupings ~.Jere keyed to the economic and 
housing sectors of the UPLfu~D model from which acreage requirements 
are determined. 
3. Data Collection. With the list of pertinent factors affecting site 
location for each activity group, data on key variables affecting 
location are gathered. The several factors considered are incorporated 
into interpretive maps showing acceptable land areas for locating 
various activities. 
4. Evaluation of Capability. Using site suitability requirements and the 
land capability analysis, the possible areas for activity locations 
are identified. 
Site Requirements 
In order to identify locational options available to site-elective activ-
ities~ a set of basic site criteria were developed. These criteria are sum-
marized in Table 14. The locational analyses for the various activities are 
briefly discussed in the following: 
Refineries--
Refineries are limited by the availability of land and by valve points 
in oil pipelines. A pipelineroust be present near the field, access to use 
the pipeline must be available, and both a crude pipe and a final products 
pipe are necessary. Distance is limited from 2 to 3 miles because of piping 
costs. Generally~ there must be a larger market near the refinery to consume 
the products so that high costs of transport to market are not incurred. Thus, 
the lack of a local market can be a limiting factor in the location of a re-
finery. If economic feasibility in the basin increased, through expansion 
of consuming population, increased production potential, or an increase in 
the. price of oil, a lOO~OOO bbl/day refinery would be the minimum economically 
feasible size. 
Sanitary Landfill~-
Besides the considerations noted in Table 14, it is important to locate 
sanitary landfill sites in relation to user communities so as to minimize 
transport costs. Use of marginal land also minimizes purchase costs of the 
site. 
High, Medium, and Low Density Housing--
High density housing, including condominiums and apartment houses, re-
quire locations close to town, preferably near shopping and other services. 
Other primary considerations are infrastructure and access to facilities. De-
gree of access is the differentiating factor between housing density zones. 
Primary economic determinants for medium and 1mV' density housing are- the 
location of other households of the same class and condition. Access is less 
important than for high density housing, so ranges of economic suitability 
c.an be extended farther away from the center of development. 
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Table 14. Location criteria for land use activities. 
Site Requirements 
Physical 
Slopes 
Drainage 
Floodplain 
Water Table 
Wind Exposure 
Soils 
Surficial 
(permiable) 
Foundation 
Bedrock 
Depth 
~1inimum Average 
Requirement 
Infrastructure 
Requirement 
Activity 
Conflicts: 
--.,._ .... _, .. 
Refineries 
(100,000 bbl/day) 
<10%; 2-3% best 
Good 
No 
>4 ft. 
Large Building 
600 acres 
Pipeline-Crude & 
Products, Water & 
Sewage, Parking 
Res iden tial 
Commercial 
Recreation 
Sanitary 
Landfill 
<10% 
. Good 
No 
>10 ft. 
Limited 
Good 
Permiability 
N/A 
>6 ft. 
l5{) acres/lOS 
Population 
Roads -heavy-
duty (not in re 
sidentia1 commer-
cial areas) 
Residential 
Commercial/ 
Instit • 
Aquifer re-
cbarge 
High & Medium 
Density Housing 
<10%-15%' 
Good 
No 
>10 ft. 
Small Building 
Water & Sewer 
Roads, Commer-
cial Services 
Industrial 
Waste~·]ater 
Treatment 
Sanitary Land-
fill 
Commercial/ 
Institutional 
<10% 
Good 
No 
>10 ft. 
·Sm.!Lg. Bldg. 
\.J'ater & Se,ver 
Transportation 
SeHage 
Treatment Plant 
near 0% 
Good 
>10 ft. 
Low 
Permiability 
Large Building 
>5 ft. 
Discharge point 
or are<1 
Residential, 
Commercial 
et.c. (odor 
problems) 
Commercial Institutional--
Economic suitability is more favorable in those areas ~-lhich have agglom-
eration because of very good access and a concentration of similar 
uses. Hm-lever, if greater capital is available for site modification, and 
when an economically suitable site is available but of poor physical character, 
site preparation can be more readily 
Sewage Treatment Plant--
To minimize costs of construction and piping, plant locations generally 
minimize distance from area served as 1;-1ell as distance to effluent discharge 
point. 
Location Alternatives for Site-Elective Activities 
Based on the criteria summarized in the previous section, alternative 
locations for site-elective activities were identified. Information was not 
available in all cases to analyze the full set of factors. However, the 
information available does provide a basis for specifying reasonable location 
alternatives for evaluation as part of residuals management strategies. 
Refineries--
Analysis indicated that the Duchesne County portion of the basin contains 
most of the suitable sites far refinery construction. Characteristics of the 
potential sites, shown in Figure 12 are compared in Table 15. The following 
sites are'considered: 
Myton--West of Myton, near Lake Bouran, two small sites are available with 
well-drained soils. These sites are quite small, but are the closest area in 
relation to the pipeline. 
Altamont--Sites in the vicinity of Altamont and Ht. Emmons lie on quater-
nary gravels at an elevation indicating a possible aquifer recharge area to 
the nearby Uinta River. The distance to the pipeline is farther than the other 
sites. Hmvever, it is located at the mouth of a canyon, which indicates that 
wind drainage from the canyon would be available for pollutant dispersal. 
Upalco--Near Upalco, areas of high capability exist. Roads are close, and 
transport costs from the oilfield to refinery would be reduced in comparison 
to sites farther south. 
potential site at Blue Bench is close to a major road, 
on a high plateau near an aquifer recharge area. Down canyon 
winds would carry dust and odors to the southeast) over a large area with 1m .. 
capability ratings for urban activities. 
Housing, Commercial, and Institutional Activities--
Housing, commercial and institutional activities all have similar physical 
site requirements, similar impacts, and residuals discharges. Accordingly, 
they have been aggregated for purposes of identifying location alternatives. 
Areas for medium density housing are indicated separately because of more 
siting flexibility for such densities and their larger acreage requirements. 
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Table 15. Site attractiveness comparison for oil r.efineries. 
CRITERIA 
A 
I. Economic Significance to Developer 
A. Suitability criteria 
1- Near pipeline H 
2. Roads to site H 
3. Support activities nearby L 
B. Capability criteria ( constraints) 
1- Soil capability for foundations :HI 
2. Site offf floodplain M 
3. Soil drainage capability H 
If. Soils capability for septic tanks H 
5. Slopes flat H 
6. Adequate space available H 
II. Environmental Significance to Community or Region 
1- Avoidance of Aquifer recharge zone M 
2. Proximity to air drainage or elevation in basin L 
3. Minimize degree of visual impact M 
--------_. 
A = Lake Boreham H = High 
B = Mt. Emmons M = Moderate 
C = Upalco L == Low 
D = Blue Bench 
1 Inr9.:r:.rg~_tJ._~lf_il_qj: _ .. ~~~J 1~1?]'~ for 11.~~;{y_§_~£u_~~_~~~_~_()E~.~~.!~. ________ ...... ____ .. ___ . __ ._ 
Capability Ratin~ 
B C D 
L M H 
L H H 
H L H 
M M M 
H H H 
H H H 
1'1 H H 
H M H 
L L H 
L L L 
L M L 
M H H 
Medium density corresponding to a suburban subdivision lot size of approximately 
1/4 of an acre was the lowest density allocated by the lJPLANO model. 
Ashley Valley--The UPLA..~O model allocated more acreage than was available 
in Jensen County Census District (CGO). so Vernal and Jensen acreage require-
ments were combined as Ashley Valley. The suitability pattern mapped for 
Ashley Valley in Figure 13 shm-ls an isodistance line of the distance from 
Vernal that present development patterns would generally be attractive. The 
capability pattern indicates the areas of moderate to high capability for 
foundations. soil drainage and overflow hazard. According to the designated 
patterns, the highest rated sites are close to tmm and close to other existing 
households of similar density. The highest rated lands for urbanization also 
avoid prime agricultural land. 
Duchesne--Duchesne's location in the floodplain, along with other factors, 
gives a lm-l capability rating for the immediate vicinity. High density housing 
and commercial areas may need to be relocated at higher elevations. The best 
of these are located to the north and to the west, on gravel surfaces, (see 
Figure 14). Economic suitability of these sites may be acceptable for many 
sectors such as transportation and utilities, lumberyards, and construction 
which have high land space requirements but relatively less need to be on the 
main highway. 
Roosevelt--The likelihood of urbanization following the past pattern is 
greater here than in Duchesne, because of the relative lack of topographic 
restrictions. Moderate to'high capability lands extend out on all sides, in~ 
dicating a pot'ential for continued grm-lth of the present pattern. 
Westside--Urbanization of the Westside of Uintah County will be restricted 
to the non-Indian and non-government lands. The data available for inter-
pretation of soils is limited to those nodes where development has already 
taken place. Five of the seven areas with interpretations available were on 
Indian lands; otherwise data are available for only two small areas around 
Tridell and La Point. 
North Area--This area is within the vicinity of development that has al-
ready occurred. Housing and commercial development will be induced by the 
location of any specific employment activities in this subregion. 
Sanitary Landfill--
The region was divided into four areas~ each of which might require a 
separate landfill site. Potential sites are compared in Table 16. 
Ashley Valley--An Ashley Valley site would serve both Jensen and Vernal~ 
As sho~~ on Figure 15, there are several sites in the area to the east of the 
highway. The area is outside the floodplain limits, has good access, and the 
prevailing west winds would probably direct dust and odors tmvard the rough 
country of the federal land to the east. Alluvium is available within a mile 
for mixing with the gravel for cover material, and the shale would act as an 
impermeable base. It is class III agricultural land. Another site is south 
of Davis. 'Vhile being of greater distance from both towns, it would avoid 
pressure of urbanization and remove the activity farther from settlement patterns. 
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Table 16. Site attractiveness comparison for sanitary ,landfills, 
I 
Criteria Capability Rating 
A B C 
I. Economic Significance to Developer 
A. Suitability criteria 
1. Equidistant from all communities served H H H 
2. Minimizes transport distance H 1:'1 H 
3. Close to roads H H H 
B. Capability criteria 
1. Out of floodplain M H H 
2. Permeable cover layer M H M 
3. Good soil depth or soft bedrock M H H 
4. Flat slopes H M H 
5. Not in depression basins Ii H H 
6. Good soil drainage capability M H M 
II. Environmental Significance to Region 
1. Has an impermeab bottom layer H H M 
2. Wind blows away from civilization H H H 
3. Minimize visual impact severity M L H 
4. Minimize conflict with agricultural land M L M 
5. Avoids aquifer recharge zone H H H 
.--. 
A = Ashley Creek E = Bridgerland H = High 
B= SW Ashley Valley 
C = \..]est Side 
F = Ioka M = Moderate 
G.·: S\~ of Talmage L = Low 
= Pleasant Valley 
..... , ....... -...... _ ..._._---_._. --" 
R = South of Talmage 
---- _._ .. ---_ ..• _ ........ _-_._ ..... -._._-_._ ...... _ ...... -_._ .... ,-
D E F 
M H L 
L H L 
L M H 
H H H 
H H H 
M M 1'1 
H H H 
M H H 
H H H 
H L H 
H M H 
M H H 
L H H 
L M L 
G H 
H H 
H H 
H H 
H H 
M H 
- -
- -
- -
H H 
M H 
H H 
H M 
l:l H 
L L 
® ASHLEY VALLEY AREA 
NAPLES 
DAVIS 
o 
~ SEWAGE TREATMENT CAPA81L1TY !Ji 
Ig'r-~~~ 
IiiiiII (J! 
O SANITARY LANDFILL CAPA81L1TY 
Figure 15. Location alternatives for sanitary landfills and sewage treatment in 
Ashley Valley. 
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It is rated as well drained, despite the fact that the base material is shale. 
Adjacent localized deposits of both alluviu:;n and gravels tvould provide good 
cover material. Distance from main roads and high agricultural capability 
are factors against choosing this site. 
l.Jestside Uintah County--The land bettveen Ashley Valley and the westside 
is all federally otvned, making the establishment of one site for the entire 
county difficult. Thus, a separate site for the Hestside t..ras examined on 
the basis of geologic information, slope, and land ownership patterns. Flat 
slopes with only intermittent streams and with bench backdrops, exist at 
a site mid,..ray between Ft. Dushesne and La Point. The prevailing wind 
direction is from the west, and because of the laLge area of public land to the 
east, nuisance of litter, dust, and odors will not be inflicted upon any 
human activities. A secondary road lies within less than one mile. 
Duchesne!Hyton!Roosevelt--Several alternatives exist for this area which 
are equidistant from communities and are in proximity to roads. The half,..ray 
point between Duchesne and Roosevelt is beDveen My tor and Bridgerland (see 
Figure 16). The south Myton Bench is a possible site area. However, only 
slight limitations for housing foundations and good drainage also make it 
a prime area for urbanization. North of Brid.~eiland~ the Zimmerman Wash area 
is a possibility, but it also has capability for agriculture (Class III). The 
base material there is gravel over Uinta sandstone, so it is a potential 
aquifer recharge area. Farther north near Ioka, the Duchesne River formation, 
which has clay and shale layers, would provide a better bottom layer .-There 
is one long strip of land near the Ioka Road with capability for urbanization, 
although the regions surrounding it are of lm<Ter capability. A mile north of 
Bridgerland appears to be the best site for avoiding land use conflicts. The 
site is two miles north of Highway 40, so dust and odors would not be a 
problem. However, the road is not heavy-duty so much of the travel to the site 
,,,auld be on Highway 40. 
Altamont!Tabiona--Locations between the canyons in "'hich Tabiona is 
situated and the glacial outwash on which Altamont is situated would be on the 
flatter lands around Taimage. Only two formations are found in that area, the 
Duchesne River formation and the quate~nary gravel surface of Blue Bench. A 
site on the Blue Bench area would be in an aquifer recharge area, and would 
require special design and engineering of an imperiable bottom. It would also 
conflict with high capability ratings for urban activities. A location to the 
north on the Duchesne River. formation has less conflict of land uses, good 
drainage, better geology (shale layers), and less surface water drainage 
problems. Streams here are intermittent indicating less interference "'ith 
surface and groundwater, and dOHnstream winds would carry dust and odors to the 
southeast over a area with low capability ratings for urban activities. 
Sewage Treatment Plants--
Se\Vage treatment plant sites are compared in Table 17. 
Ashley Valley--Since the valley tilts to the sou~heast, the collection 
can utilize gravity flo .. ] to minimize costs. Boundaries of the sui t-
ability area were determined by minimizing the distance from the collection 
area and the effluent disposal site (see Figure 15). Host of the southern end 
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Table 17. Site attractiveness comparison-wastev7ater treatment plants. 
Criteria 
A B 
1. Economic Significance to Developer 
A. Suitability criteria 
1. Hinimizes distance from collection area to M H 
discharge point 
2. Equidistant from all collection areas L M 
3. Roads to site L H 
B. Capabtlity criteria 
1. Soil capability for foundations H H 
2. Site off floodplain H H 
3. Soil drainage capability M H 
4. Slopes flat H H 
5. ilnpermeable base layer M M 
6. Lm? elevation H H 
II. Environmental Significance to 
1. Avoids aquifer area H H 
2. Hinds blows away from areas H H 
3. Minimizes visual H H 
4. Minimizes conflict with agricultural land H H 
A = SE of Roosevelt E = Naples 
B = South of Roosevelt F = East of Davis 
C = NE of Duchesne G = Jensen 
D <= SW of Duchesne 
~ .... -,,~ -----. _____ ~ __ . ._ •. ____________ ~ _____ .. _._, .•. _~_ ~ ____ ~_'~A"" _______ ''''_'''' ___ '"'' _____ ' 
\ 
Capability Rating 
C D E F G , 
H H H H L 
H L H H L 
H H H H M 
M L H 1:-1 H 
M M H H H 
1'1 H H H II 
H N H H H 
N M H H H 
M H H H H 
N M n H H 
H .L H Ii L 
L L H H L 
H H L L L 
.. 
.. _----_._- . 
is shale, so impermeable beds for se,.,age lagoons are available. Ho;.;rever, 
the high shrink-s~.,ell potential lvould create problems for heavy structures 
such as trickling filter tanks or ammonia-stripping tmJers. There is a narrm., 
band of alluvium through this area, which if not in the floodplain, would 
provide adequate base for tm.,ers or tanks. Differences in the sites avail-
able are due to the fact that only localized areas exist within that narrm,; 
corridor. 
Roosevelt--Sites proposed for treatment plants are located on good build-
ing soils near watenvays. All are on low"er elevation, with benches above them. 
Development has already started on the benches, and a se~"er system \"ill have 
to serve those benches areas. 
Duchesne--Currently, Duchesne City is situated almost entirely in a flood-
plain. The alternative sites indicated on the accompanying map of Figure 16 
are all aboVe the floodplain on soils with moderate to slight limitations. The 
Blue Bench aquifer discharges near here. Depth to oedrock is not known, but 
the Uinta sandstone does not generally have shrink-s1;,;ell problems, and load-
bearing capacity is high. Special imperiable bottoms to the lagoons would 
have to be constructed in parous sandstone. 
North Area--Projected population under alternative futures do not seem 
large enough to make treatment plants feasible. It can be expected that septic 
tanks rather than treatment plants would be used. If a treatment plant were 
constructed, it would probably be in the area of Altamont, and discharge 
treated effluent into the Lake Fork Creek near the road crossing to Mountain 
Horne. 
57 
SECTION 7 
RESIDUALS GENERATION OF ACTIVITIES AND PROCESSES 
OVERVIE\-l OF BASIN' ACTIVITIES 
Production and consumption activities in a region generate residuals out-
puts that are discharged to the environment. The major residuals dischargers 
in the Uintah basin study area in to two groups-~the large industrial 
sources and the household and service sectors sources that are generally with-
in municipalities. The existing and potential major industrial sources are: 
1. Oil shale mining and retorting 
2. Phosphate mining and benefaction 
3. Tar sands mining and processing 
4. Oil refining 
5. Gi1sonite mining and processing 
Tmvrts and municipalities centers of household and commercial activ-
ities with the associated residuals being: 
1. Wast.e\Vater discharges 
2. Space heating emissions 
3. Transportation exhaust emissions 
4. Solid wastes 
To assess the magnitude of residuals discharges~ an activity analysis of 
these sources is made to determine the types and quantities of pollutants 
generated in a given period of time for various resource inputs, product mixes, 
and process options. 
INDUSTRIAL POINT SOURCES 
Oil Shale 
The Utah oil shale tracts currently being considered for deve10pmen~ 
tracts U-a and U-b leased by Hhite River Shale Oil Corporation. are located 
64 kilometers south of Vernal, Utah near Bonanza~ They are expected to yield 
a total of 81 million cubic meters of oil (Novak, 1975a). Shale oil production 
\'lith above ground retorting consists of mining ra\'l shale, transfering and 
stockpiling, crushing, retorting and upgrading to crude oil or partially 
refining (FiguT.e 17). An situ process eliminates most of the mining. trans-
fering, stockpiling and crushing. The three retorting schemes considered as 
process alternatives are Tosco II, Paraho, and In Situ. The retorting system 
require heating of the shale rock to 480-540 C, producing vapors which upon 
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cooling yield the crude shale oil. The retorting schemes are distinguished by 
the technique that transfers heat to the shale. Tile Tosco II is a "hot solid" 
type. Heated ceramic balls are introduced to preheated rm..r =::hale to obtain 
the temperature required for pyrolysis. In the Paraho retort, a "hot fluid" 
type, hot gasses from combustion are passed through the ra,..r shale. The in situ 
accomplishes heating by "internal combustion" of some of the hydrogen and --
carbon present in the shale. 
The following mass balance analyses focus on the resource inputs, and 
the products and residuals outputs of the various oil shale retorting systems. 
The most complete data are for the Tosco II retort (Hughes, 1975). Less de-
tailed information is available on Paraho and other systems (Engineering 
Science, 1974). For comparison, data from the U.S. Bureau of Nines experimental 
retort are included. 
Tosco II--
The Tosco II retort handles raw shale, crushed to sizes less than 127 mm. 
The raw shale is fed into a preheat system (see Figure 18) where it approaches 
the temperature required for pyrolysis, and at the same time cer&~ic balls 
are being heated in the ball heater to 590 C. The preheated shale and ceramic 
balls are fed to the pyrolysis drum where they are mixed together to reach an 
average temperature of 480 C. Here the raw shale disintegrates, and the parti-
cles and the ceramic balls fall into the trommel where the gas, vaporized ker-
ogen, flows off for recovery in the fractionator. The ceramic balls pass to 
the ball elevator for return to the ball heater. The spent shale passes 
through cooler and moisturizer drains, and then on to a conveyor for disposal. 
A summary of the residuals discharged from the various subsystems in the pro-
cess is given in Table 18. The total resource and residuals discharge effects 
of the Tosco II process are presented in Figure 19. 
Paraho Retort--
Less crushing is needed for the Paraho retort than for the Tosco II, since 
it can handle shale sizes up to 7.6 cm. This partially helps to eliminate 
particulate emissions. The retort is a vertical kiln in the shape of a large 
cylinder. (See Figure 20). A commercial-model will be 31.7 meters tall and 
12.8 meters outside diameter. The raw shale enters at the top and is leveled 
by a rotary spreader. The shale is gravity fed and regulated by a system of 
moving grates at the bottom. 
A hot gas-air mixture is injected into the kiln and ignited to provide the 
necessary heat. The gas used is recirculated from the retorting process. The 
vaporization of the kerogen takes place near the bottom of the retort, and as 
these hot gases rise they provide additional heat to the raw shale. A 
combustion product of the recirculated gases is S02' an undesirable atmospheric 
emission. Hmvever since the shale is mainly dolom~te limestone the retort 
acts to an extent as an air pollution control device with much of the S02 being" 
absorbed by the rock. The vapors leave the top of the retort and go to the 
oil recovery unit for separation and upgrading. A summary of the uncontrolled 
residuals is shmm in the diagram of Figure 21. Estimates of the potential 
effectiveness of control devices for the airborne emissions are presented in 
Table 19. 
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Tab 18. Summary of air' emissions from TaSCa II. 
Subsystem Percent of Tot~l Contribution (Uncontrolled) 
Particulates S02 N0 2 
Primary Crusher 1.8 
Final Crusher 24.8 
Fine are Storage 5.3 
Pyrolysis and Oil Recovery Unit 
Raw Shale Preheat 60.2 39.7 78.3 
Steam Superheaters 4.7 0.7 2.2 
Processed Shale Moisturizer 3.2 
Hydrogen Unit 10.9 9.1 
Naphtha Hydrog. 0.2 0.2 
0'\ Gas Oil Hydrog.: Feed Heater 0.2 0.7 
N Reboiler' 0.2 0.6 
Delayed Coker, 1.5 1.3 
Utility Boilers 3.1 7.7 
Sulfur Plant 43.4 
100% 99.9% 100.1% 
Total Emissions 107,700 kg/hr 2,671 kg/hr 5,343 kg/hr 
12 8.26 x 10 kg/yr 7 2.340 x 10 kg/yr 7 4.680 x 10 kg/yr 
6 2.58 x 10 kg/day 4 6.41 x 10 kg/day 5 1.28 x 10 Kg/day 
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Figure 19. Residuals discharge from TOSCO II process per x 103 m3/day production. 
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Table 19. Air pollution emissions from the PARAHO lH'ocessa (50, 000 bbl/(cd) 
(Engineering Science, 1974). 
Emissions (tons/year) 
____ P_O_L_L~U~T~A_N_TT ________________________ ~-U~n~c~o~ntrolled Controlled 
Particulate 
Crushersb~c 
- primary 
- secondary 
Sulfur Dioxide 
Retort 
Utilities 
Nitrogen Oxides 
Retort 
Utilities 
Carbon ~onoxideg 
Hydrocarbonsg 
Exhaust gas flow rate (scfm) 
aEstimated by Engineering-Science. 
18,941 
604 
1,051 
233,455 
375,000 
bSource: Compilation of Air Pollution Emission Factors, U.S. EPA, 
Publication No. AP-42, April 1973. 
cAssumed control efficiency of 99%~ typical of baghouses. 
80d 
240d 
320 
604 
1,051 
1,655 
2,534 
dAssumed 50% gas recirculation and exhaust gas cleaned to 500 ppm S02 (the 
Colorado emission standard). 
eEstimated by Colony 
fData for USBH Gas Combustion process. 
gAssuming a shale feed rate of 87,500 tons/day. 
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In Situ--
An In Situ retort, has been proposed by Occidental Petroleum. First a 
small a~ount of mining is required. The deposit is tunneled into and about 
15 percent of the shale deposit removed (Figure 22). This shale is deposited 
above ground and vegetated. The shale deposit is then drilled and blasted so 
that the shale rubble fills the room and the volume that it occupied before 
blasting, creating a chimney of rubble. The shale is then ignited at the top 
and kept burning by air circulated through the chimney. The heat causes the 
oil to drain to the bottom of the retort, where it is collected in a cement 
lined pit and pumped to storage (Novak, 1975b). 
Mass Balance and Summary--
The experimental batch type plant operated by the Bureau of Nines (Harak, 
1974) provides data for a complete materials balance on oil shale retorting 
presented in Table 20. A comparison of air pollution emissions for all the 
various oil shale processes is shown in Figure 23. 
Phosphate Mining and Beneficiation 
Process Description--
Stauffer Chemical near Vernal produces 181,000 metric tons of phosphate 
per year. The Vernal field contains an estimated 120 million metric tons, 
about lYz years of world requirement (Coffman, 1967). Because of the rather 
shallow, 30 foot, overburden, open pit mining is employed at the Vernal field. 
The overburden is blasted, removed and placed over the previously I!1ined area. 
The ore is then blasted, removed and transferred to the crushing plant via 
trucks, where it is crushed to 16 mm or less. The ore is then stored in a 
teepee shaped structure to await further processing. The remaining beneficia~ 
tion consists of further crushing, grinding, classification, and various 
stages of flotation (figure 24). Grinding and des liming take place in a 
rodmill and cyclones to remove the silts and the clays. Three stages of flot-
ation, roughing, scavenging and cleaning upgrade the product to an acid-grade 
concen tra te. 
Residuals--
Both solid and liquid wastes are generated from the beneficiation processes. 
Liquid wastes consist of the prefloat froth, the slimes and the scavenger 
tails. These are first emptied into a large tank for thickening. Since they 
contain only 4 to 6 percent solids, they must be disposed of in holding ponds. 
These slimes account for 1/3 of the total tonnage of raw matrix mined, 
(Figure 25). and occupy a volume of 25 to 100 percent greater than the matrix ..-
mined. The major potential effect on water quality from these residual streams 
is increased turbidity. Another possible danger is from tall oil used to pro-
mote flotation, which could be toxic at the existing concentrations. Fortunately, 
tall oil tends to go with the phosphate concentrate rather than the slimes. 
The slimes seem to have little effect on dissolved oxygen, biochemical oxygen, 
demand and alkalinity. The Vernal plant completely contains the tailings in 
ponds thus only causing a water quality problem in the case of an accidental 
overflow. 
The concentrated ore from the final cleaning goes to a dryer to be dried 
to near zero moisture. ~This dryer and the crushing plant contribute most of 
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Figure 22, Schematic of In-Situ oil shale retorting process. 
Table 20. Naterial balance for oil shale retorting. a 
Haterial In 
Oil Shale 
Natural Gas 
Air (Het) 
Haterial Out 
Spent Shale 
Shale Oil (Dry) 
Stack Gas (Dry) 
Hater 
In Oil 
In Stack Gas 
Mean Percentage Values From 10 Runs 
Haterial In 
Oil Shale 
Natural Gas 
Air ({.vet) 
Material Out 
Spent Shale 
Shale Oil (Dry) 
Stack Gas (Dry) 
Water (Total) 
Lbs 
371 ,480 
120 
187,140 
558,740 
278,720 
22~ 170 
242,100 
13,990 
3,400 
560,380 
Pct 
.7 
32.3 
100.0 
50.6 
3.3 
42.2 
3.9 
100.0 
Pct 
66.5 
33.5 
49.7 
4.0 
43.2 
2.5 
0.6 
I 
l 
I 
aThe following is of run 9 of 11 runs. This run yielded the highest'l 
percentage of oil, 25 gal/ton oil shale. 
bOne million bbls/day needs 1 1/2 million tons shale/day, producing I " 
1 1/3 million tons of spent shale having a loose packed volume of 1.2 ! 
million yds3; a compacted volume of 0.9 million yds3 . 
c Source: Harak, Arnold E. 1974. Oil shale retorting in a 150-
ton batch-type pilot plant. U.S. Bureau of Mines RI 7995. 31 p. 
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the particulates that constitute the air pollution problem. In addition, there 
~vill be some sulfur resulting from the combustion of fuels in the dryer. The 
common control technology for the dryer is dry cyclones follmved by a ~.;et 
scrubber. For the grinding operation dry cyclones follmved by fabric filters. 
Also there will be some particulate emissions during the transfer and storage 
operations. Emission factors for these operations are found in U.S. Environ-
mental Protection Agency publication AP-42. A mrtterials balance diagram of 
the phosphate mining and beneficiation with its inputs and outputs is shown in 
Figure 26. 
Tar Sands 
The terms 'tar sands', 'oil sands', and 'bituminous sands' are all used to 
describe consolidated and unconsolidated rock -.;.hich contains viscous to solid 
bituminum in its pore spaces. Tar sands occur in great quantities at Asphalt 
Ridge near Vernal, Utah, with deposits from the surface to depths of several 
hundred meters. The reserves are estimated to be 1.67 x 108 cubic meters of 
oil in place (Sohio, 1974, p. 1). 
Production techniques fall into three major groupings: (1) underground 
mining, (2) open pit mining, and (3) 'in situ' methods. Underground mining 
has been utilized at Asphalt Ridge but it is unlikely that it can compete 
economically with either open pit or 'in situ' methods (Kayser, 1966, p. 16). 
Although open pit mining may be used at Asphalt Ridge, oil recovery from the 
deeper deposits must be through 'in situ' techniques. 
Two Utah companies, Arizona Fuels Corporation and Fairbrim Company, have 
entered into agreements with Sohio Petroleum Company to begin mining and ex-
traction operations on Asphalt Ridge. They w'ould both use open pit operations 
with a flotation process to remove the crude oil from the 'tar sand'; It is 
estimated that these operations could recover 7.95 x 105 to 1.59 x 116 cubic 
meters of oil (Sohio, 1974, p. 2). 
An analysis of the potential residuals from tar sands operations indicated 
that both air and water discharges would be minor. Hence this activity is not 
included in the residuals management model and analysis. 
Oil Refinery 
A small oil refinery in the Uintah Basin has operated periodically in the 
past. If oil shale and tar sands production'vere to occur, one possibility 
would be to refine the crude oil in the basin. Residuals from a refinery would 
be generated from its two basic operations, boiling point separation producing 
"straight run" products and cracking and reforming to produce modified products. 
The major residuals from the former are particulates and products of combustion 
from the boilers. The major emissions from the latter are particulates (coke 
and catalyst fines), hydrocarbons, sax, CO, aldehydes, and NOx • 
With the use of standard controls at the refinery, the residuals disc11arged 
from a plant the size of the contemplated for the basin are relatively minor 
and, therefore, were not included in the management model. 
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Figure 26. Product and residual mass balance for phosphate processing. 
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Gilsonite 
Gilsonite is a black hydrocarbon unique to the Uin~h Basin. It has an 
appearance similar to coal, is brittle, slightly heavier than water and ,.,rill 
only burn at high temperatures. 
Its uses range from printer's ink to insulation and corrosion protection 
for buried pipes to gasoline. The first stage of production is a hydraulic 
mining operation in which the gilsonite is removed from narrow, vertical veins, 
brought to the surface and transported to the mine production plant. There, 
depending on the product, it is crushed, pulverized and dryed. 
Because of the uniqueness of the industry data are not generally avail-
able concerning the residuals, however it is known that the wastew'ater is not 
discharged into the White River. The drying and crushing operations generate 
some particulate matter;' However, discharges are small and thus were not in-
cluded in the management model and analysis. 
~mNICIPAL SOURCES 
Development in the basic economic sectors will induce increases in popu-
lation and related service sector activities in municipalities in the basin. 
As a consequence there will be a corresponding increase in wastewater dis-
charges, space heating and transportation emissions, and solid ,.,rastes. An 
examination of space heating emissions as an area source and transportation 
emissions as a line source shows that the increase in discharge rate per 
unit time is small and is dispersed over relatively large areas. Hence, these 
source~ were ignored in the analysis. Wastewater discharges and solid wastes, 
brought together as point sources through collection systems, are included 
explicity in the analysis. 
Hastewater Discharges 
Population growth for the larger communities in the Uintah Basin is pre-
dicted for various alternative futures by the UPED and UPLAND models. 
MODEL PARJll~ETER AND COEFFICIENTS FOR THE STUDY REGION 
~vastewater Discharge and Treatment Options 
The total wastewater flm.,r for these communities was celculated using an 
average daily discharge of 1500 liters/day/capita. This high discharge rate 
is partically caused by groundwater infiltration. Studies have shown (Vernal 
City Planning Commission, 1970) that this may rise to as high as 2600 liters/ 
day/capita during the summer. For each future, the required waste,vater treat-
ment plant capacity was specified for the peak population. Table 21 presents 
~he discharges for each to,vn for futures 0, 8, and 10. 
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Table 21. Municipal wastewater discharges for alternative futures. 
Future 
0 8 10 
Vernal 21.5 26.8 30.8 
Jensen 0.8 0.8 0.8 
Duchesne 4.1 4.0 6.8 
Altamont 0.7 1.9 1.4 
Myton 0.9 2.9 2.8 
Roosevelt 6.8 7.7 9.0 
Bonanza 0.2 6.0 8.0 
Solid Waste Generation 
Solid ,.,Tastes in the region are generated by municipal, household and 
commercial activities. Household and commercial activities in municipalities 
are the primary source of solids ,.,Tastes .. A generation factor of 2.4 kg/day/ 
capita (Hagerty, 1973, p. 30) is used for the municipal solids. The resultant 
total solids for the various to\VUs and futures are shO'tVn in Table 22. 
Table 22. Daily solid wastes (Metric Tons/day) 
FUTURE 
TOWN 0 8 10 
Vernal 34.0 42.1 49.0 
Jensen 0.7 0.7 0.7 
Duchesne 6.5 6.4 11.0 
Altamont 1.1 3.0 2.1 
Myton 1.3 4.7 4.4 
Roosevelt 10.8 12.2 14.3 
Bonanza 0.2 6.9 12.7 
Totals 54.6 75.9 94.2 
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SECTION 8 
A HODEL FOR RESIDUALS HANAGEHENT 
INTRODUCTION 
In order to analyze the fate of residuals generated by production and 
consumption in a region and determine an optimal environmental management 
scheme, a linear programming (LP) model is used. The objective is to mini-
mize the total cost of residuals management in a given region subject to con-
straints on resource limits and quality standards. Through the model analysis, 
attention is focused on the residuals contributing to air pollution, water 
pollution, and solid waste. Although care must be exercised in using linear 
representations of the complex phenomena of pollution in a multimedia context, 
simplicity and generality of the modeling technique are also important in-
gredients in a workable analytical framework. With a clear understanding of 
the basic underlying assumptions of the LP model, post-optimal procedures such 
as parametric and sensitivity analysis can be effectively employed to examine 
the effects of non-linear response-characteristics of the model parameters, 
such as costs of treatment technology, and transfer coefficients for water and 
air pollutants. The assumption of continuous decision variables on treatment 
processes was adopted in the model, but it can be restructured with relative 
ease as a mixed or pure integer programming problem in order to take into ac-
count the discrete aspects of treatment process decisions. 
THEORETICAL DESCRIPTION OF THE MODEL 
The structure of relations for the residuals management LP model is il-
lustrated in the flow diagram of Figure 27. The processes of residual genera-
tion, modification, secondary residual generation and environmental media im-
pacts analysis are represented by the model equations. The symbols used to 
formulate the model are presented in Table 23. 
The LP model, then, is stated in general form by the following set of 
equations: 
Objective Function: Minimize Total Cost (TC) 
MCiW N.A N s 1. A 1. }fIN .E1 E CV:. E s S .. ) H .. + L C .. A .. + C .. 1.= j==l 1.J 1.J j=l 1.J 1.J j=l 1.J 1.~ J 
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Description 
jth treatment option for water at the ith source 
jth treatment option for air at the ith 3 source (m /day) 
jth disposal option for solid waste at the ith source (kg/day) 
total lvastewater (primary) generated at i (m3/day) 
1.• (m3 /day·) total air emissions (primary) at 
total solid waste (primary) at i (kg/day) 
treatment cost per day per unit of wastewater at ith source for the 
jth option ($/m3/ day) 
treatment cost for air emissions at ith source for the jth process ($/mJ/day) 
cost of collection and disposal of solids from the ith source for 
the jth process ($/kg/day) 
total load of the kth water quality constituent at the 
(mg/day) 
ith source 
total load of the kth air quality constituent at the ith source 
(mg/day) 
total solids generated at the ith source (kg/day) 
difference between the water quality standard and the baseline ambient 
quality (i. e., with no point. discharges) of the kth constituent at 
rth receptor point (mg/l) 
difference between the air quality standard and the baseline ambient 
quality (i.e., with no point discharges) of the kth constituent at 
rth receptor point (mg/m3) 
amount of the kth constituent left in 
by the jth process at i. W~ij (1-
removal efficiency and c is the input 
secondary solid residual generated from 
option at i (kg/m3) . 
the effluent after treatment 
nikj) Cikj where n is the 
concentration in mg/m3 
the jth water treatment 
amount of the kth constituent left in the emission of the jth pro-
cess at i. a~ij == (1 nikj) Cikj where n is the removal effi-
ciency and c is the input concentration in mg/m3 
the secondary solid residual generated by air pollution control device 
j at i (kg/m3) 
the contribution to the kth air pollution constituent due to the 
jth solid waste management option at i (mg/kg) 
s 
s .. 1.J 
wikr 
= the fraction of residual solid from jth solid management option at i 
::::: . the ratio Miik/ bCkr at r where be is the change in concentration 
a
ikr 
== the ratio bAik/bC
kr 
at r where bC is the change in concentration 
"Indicates that the quantity includes secondary residuals. 
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(2) 
(3) 
(4) 
(5) 
..... , M 
..... , K (6) 
a 
..... ,. M (7) 
(9) 
M '\; 
r aikr Aik :::; ~r i=l 
k 1, 2, 
r = 1, 2, 
..... , 
..... ,. 
. (10) 
The objective function in (1) represents the total cost of residual modi-
fication of water-borne, air-borne, and solid residuals by the j options 
available at the i sources. The symbols N~, N~, and N~ denote the total 
number of management options available for eaEh t~pe of residual. The objec-
tive function is minimized subject to the constraint equations (2) through 
(10). The constraints (2), (3), and (4) represent primary residual generation 
from the production and consumption activities in the model. These mass bal-
ances indicate that the total amount of residuals undergoing modification by 
the j management options must be equal to the total amount generated at the 
ith source. The set of constraints (5), (6), and (7) yields the total amount 
of the kth constituent after treatment by the jth treatment option. This 
amount will then be disposed of or treated further. The left-hand side of the 
equations (8), (9), and (10) yields the additional concentration over the 
ambient condition (without point discharges) of the kth constituent at re-
ceptor point r due to the loading at each of the 'i sources. To meet en-
vironmental quality standards, this concentration must be equal to or less 
than the difference between the standard and the ambient quality without dis-
charges. Point sources of residuals are explicitly included in the model 
since the magnitudes of their discharges 't"ere determinable through the activity 
analysis. Management options for these sources are represented by model deci-
sion variables. The effects of non-point sources are included implicitly in . 
the right-hand-side values for the environmental quality constraints. Imple-
mentation of certain management alternatives can be tested by arriving at the 
new right~hand-side values and resolving the LP problem. ' 
MODEL'PARAHETERS AND COEFFICIENTS 
FOR THE STUDY REGION 
l-lastewater Treatment Options 
The major industries now in the Uintah Basin and those that may develop 
in the future plan to completely contain their wastewater so that there will 
be no discharge to surface or underground waters. Thus, there will be no im-
pact from pollution loading, but streamflows and assimilative capacities will 
be reduced. Sources of wastew~ter that could be discharged to the streams 
are the municipalities. Estimates of total municipal 1;.Jastewater flow for the: 
basin conununities were presented in Section 7. 
Eight wastewater treatment options (lVij) which represent an interesting 
range of effluent quality and treatment costs for municipal discharges are 
considered in the model. These options, diagramed in Figure 28, are frequent-
ly chosen for smaller size communities located in sparsely populated regions, 
as is the case for the study area. They are: 
Wi1 Conventional activated sludge 
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Wi6 
Wi7 
VIi 8 
Activated sludge + alum addition and gravity filtration 
Activated sludge (high rate) + alum addition, biological nitrifica-
tion and gravity filtration 
Trickling filter and gravity filtration 
Activated sludge (high rate) + alum addition, biological nitrifica-
tion, gravity filtration and activated carbon filtration 
Standard lagoon 
Standard lagoon and gravity filtration 
Complete containment lagoon 
Options Hil through Wi5 are preceded by primary treatment consisting 
of screening. grit removal and primary sedimentation. The combination of the 
unit processes for options 1 through S ,vas determined following the guidelines 
in Van Note (197S). Data on options 6. 7, and 8 ,vere extracted from a study 
(Uintah Engineering. 1975) of Vernal's future wastewater treatment needs. The 
quality of untreated sewage influent to the plants is assumed as: (1) BODS = 
210 mg/l. (2) NH4 = 30 mg/l. suspended solids = 230 mg/l. and dissolved oxygen 
= 4 mg/l. The effluent quality for the treatment options and the intermedia 
transfers are summarized in Table 24. 
Air Emissions and Treatment Options 
The major process industries of oil shale development, phosphate and gil-
sonite mining and processing and oil refining are the primary air pollution 
sources in the basin. Each of these industries has two or more units ,.hich may 
require air pollution control devices. For these industries the largest air 
pollutant problem. by far, is particulates. and SOx and NOx are relatively in-
significant. Thus, for purposes of this study, air quality management con-
cerns are confined to particulates. The major unit processes for each industry, 
presented in Table 25. account for at least 90 percent of the total particulates 
from that industry. For these units Table 25 also summarizes their discharge 
... 
or emission rates (A:). 
l. 
Given particle size and characteristics, such as the shape, density, and 
moisture content. a removal efficiency for various control devices (Aij) can 
be predicted. Production process emissions contain a wide range of particle 
sizes. Since more· detailed data were not available, it '{vas necessary to esti-
mate a single efficiency for each control device based on average particle size 
and apply that efficiency to all production processes. This may lead to some 
error in resultant emissions, but to obtain more detailed data tvould require 
running experiments on each production process. Table 26 summarizes the con-
~rol devices and their assumed efficiencies. 
Solid Waste Disposal Options 
Solid wastes disposal options are by sanitary landfill or by incineration. 
If the refuse is incinerated the impact of the particulate emissions is 
83 
0:> 
N 
Ii! 
Figure 28. 
Screening &. 
Grit Removal 
Conventional 
Primary 
Sedimentation 
o Decision Poinl 
Standort! 
Lagooll 
Standard L:lgoon & 
Gravity Filtration 
Complete 
Containment 
L:lgoon 
Conventional 
Activated 
Sludge 
Conventional 
Activated Sludge &. 
Gravity Filtration 
Activated Sludge &. 
Gravity Filtration &. 
Nitrificatiun 
Activated SI\ld~c &. 
Gravity Filtration & 
Nitrification &. 
Activated Carbon Filter 
Trickling Piller &. 
Gravity 
WASTEWATER TREATJ\lENT OPTIONS 
..•. __ ... -----
. _,._.~_. __ ~_~_w. ___ ,----
Wastewater treatment options. 
~ Treated Water Returned To System 
Ancrobic Digestion & 
Air Drying 
Dew" tcring & 
Incincr41tion 
!..:Jnd 
Spreading 
Local 
Landfill 
R"g;on:11 
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Table 24. Treated wastewater effluent quality and intermedia transfers of 
treatment processes (kg/106 liters). 
Treatment Constituents 
Options SOLID 
BOD a 
5 
RH a 
' 4 
SSa DO Sludge 
____ ~w ____ 
Hil 20 30 25 2.5 50 
Wi2 10 30 5 5.5 108 
Wi3 10 1 5 4 120 
~vi4 10 30 5 6 66 
Wi5 5 1 5 5 120 
Wi6 63 15 70 10 0 
~vi7 38 15 35 10 0 
Wi8 0 0 0 0 0 
aEffluent quality for WiCHi5 from Van Note (1975), and for ~{i6-Wi8 from 
Middlebrooks (1974). 
considered. It is assumed that a standard air pollution control device will be 
installed on the incinerator. The resultant particulate emission is 0.01 
gmsec-1/metric ton burned (EPA, 1976b). 
Intermedia Transfers and 
Secondary Residuals 
Sludge is generated as a secondary residual from wastewater treatment pre-
cesses. Sludge handling requires further treatment, either anaerobic digestion 
and air drying (W"9and WOlD)' or dewatering and incineration (Will and WilV-
After the air dryIng, sludge may be disposed of either in a landfill or by land-
spreading. . Table 27 gives the solids resulting from each lVaste~vater treatment 
option. For the incinerator option, the particulate emission rate will be 
0.006 to 0.008 grams per second per liter of wastewater (EPA, 1976b). Due to 
different sludge characteristics, disposal options l-li9 and i-lilO can b~ used for 
,.;rastewater treatment options 1 and 5, ,-lhile ~.]il0 and ~.]iI2 are appropriate for 
2, 3, and 4. 
There are intermedia transfers to both the land and water from air pul-
lution control options. Water pollution potential exists for the wet scrubber 
since particulates leave the scrubber in a sludge or in a slurry_ If the 
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Table 25. Air emissions from industry processes. 
Concentration Flow Rate Loadinz Source ~, 
(i) (Tons/106 N3) 006 a3/Day) (Tons/Day) ~~----~--~ -~~--~----~~~--~--~~~ 
OIL SHALE PROCESSING 
Tasca II and PARAHO 
Primary Crushe~ 
Final Crusher 
Fine Ore Storagea 
Raw Shale Pre-heat 
Steam Super Heater 
Shale Noisturizera 
In situ 
Incinerator Off Gas 
Shale Transport 
Hydrogen Plant 
GILSONITE PRODUCTION 
Crusher 
Dryer 
PHOSPHATE PRODUCTION 
Crusher 
Dryer 
ROOSEVELT OIL REFINERY 
Catalytic Cracker 
Utility Boiler 
Hydrogen Unit 
Coker 
8 
9 
10 
11 
12 
13 
22 
23 
24 
14 
15 
16 
17 
18 
19 
20 
21 
aUnits used in the PARAHO process. 
2.288 
26.24 
20.92 
15.57 
5.868 
8.160 
0.05 
0.263 
0.0089 
2.61 
1.016 
1.48 
15.02 
0.84 
0.101 
0.008 
0.02 
20.39 
24.45 
6.57 
100 
21.1 
10.28 
108.9 
2.07 
27.3 
0.22 
1.22 
0.27 
1.66 
9.33 
1.06 
13.7 
1.71 
Table 26. Air pollution control devices and efficiencies. 
Model 
Variable 
Ail 
Ai2 
Ai3 
Ai4 
Ai5 
Device 
Dry Centrifugal Collector (cyclone) 
Wet Scrubber 
Fabric Filter 
Electrostatic Precipitator 
Gravitational Collector 
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46.7 
641.6 
137.4 
1557.0 
123.0 
83.9 
5.45 
0.54 
0.24 
0.57 
1.24 
0.40 
2.49 
7.84 
0.11 
0.11 
0.03 
Efficiency 
0.95 
0.99 
0.999 
0.995 
0.88 
Table 27. Secondary solid residuals from "astewater treatment. 
Anaerobic Digestion 
and Air Drying (kg/l06 liters) 
De<;.;o.tering and lncin .... 
eration (kg/106 liters) 
HilO 
Solids 109 192 50 136 
Solids Burned 159 223 
sludge or slurry is carefully handled, it should not become a water pollution 
problem. The major transfer of collected particulates is to the land. These 
are totaled, but a cost has not been assigned to their disposal. In general. 
the collected particulates are a very small part of the total solids generated. 
Treatment Costs 
Calculation of cost coefficients for various treatment options in the 
model's objective function must take into account a number of factors. A 
general equation incorporating the most important cost factors~ that may be 
applied to each treatment option. can be written as: 
where 
Total Cost = CRF x Capital Cost + Operation and }~intenance 
CRF = 
i(l+i)N 
(l+i)N - 1 
- Value of Recycled Residuals (11) 
i = applicable interest rate (7 percent per year is used (EPA, 
1973)) 
N = estimated life of treatment option 
Wastewater Treatment Costs--
For wastewater treatment options 6, 7, and 8, the wastewater stabilization 
ponds~ costs were developed following the guide~ines in Patterson and Banker 
(1971). For wastewater treatment options 1 through 5, the activated sludge 
variations and the trickling filters, and for the sludge processing options 9 
through 12~ three formulae (Van Note~ 1975, Appendix B) were used. They are: 
Total Amortized Capital Cost (¢/1000 GaL): 
CRF (12) 
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'.:"here 
BCC base capital cost, $ 
LR land requirement, acres 
Fixed Operation and Maintenance Costs (~/1000 Gal.): 
where 
BMH = base man-hour requirement, man-hours/yr. 
Variable Operation and Maintenance Costs (¢/1000 Gal.): 
where 
m.IC = base material costs, $/yr. 
(13) 
(14) 
The variables, BCC, LR, BMH, and BMC, are calculated from regression equations 
(Van Note, 1975. Table B-1) which estimate them for each unit of the treatment 
plant. These equations are applicable for plants from 1 to 100 NGD capacity. 
The secondary treatment options 1 through S are preceded by primary treatment 
for which the cost calculations were divided into three parts: (1) preliminary 
treatment, (2) raw waste1;vater pumping, and (3) primary sedimentation. The 
total capital and O&M cost for the plant is the sum of the individual unit costs. 
Several of the variables in the three capital and O&M cost equations may bevar-
ied to adjust for time or special conditions. The values used in this report 
are summarized in Table 28. 
Costs for wastewater treatment options 6 and 7 were calculated using a 
series of cost curves from Patterson and Banker (1971) for the operation and 
maintenance and the capital. costs. The basic entering argument for the cost 
curves is the water surface area of the stabilization pond. This was calcu-
lated assuming a BODS loading rate of 20 lbs/acre/day. The capital costs in-
cludethe following: the cost of construction, embankment protection, engi-
neering, land, legal, fiscal and administrative expenses, and interest during 
construction. Operation and maintenance were a function of labor and material 
and supplies. The cost of option 8, the complete containment lagoon, was ap-
proximated by multiplying the cost of the standard lagoon by 2.04, the ratio 
by tvhich these options differed in a study of possible waste'.ater treatment 
options for Vernal (Uintah Engineering, 1975). Finally, the costs were con-
verted to a cost per unit of wastewater (dollars/106 liters) and for each op-
tion these unit costs were totaled. The costs were assumed to be represent-
able by the following functional relationship: 
Cost per Unit = aQS (15) 
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Table 28. Parameters for calculation of secondary wastewater treatment costs. 
Variable 
Plant Capacity 
Amortization Period 
Interest Rate 
Service and Interest Factor 
Labor Rate 
Land Cost 
~nolesale Price Index 
Industrial Commodities 
National Average Wastewater 
Treatment Plant Cost Index 
Units 
NGD 
years 
% 
% 
$/man-hour 
$/acre 
Value Used to 
Symbol Determine Cost 
Curves 
Q 1,2,3,4,5,6,7,8 
n 20 
i 7 
SIF 27 
MHR 5 
ULe 100 
I-lPI 174.8 
STP 239 
where a 
per day. 
and f3 are constants and Q is the plant capacity in 106 liters 
0'. and f3 
costs are 
using Van 
The cost per unit includes the O&M and capital costs .. The parameters 
were estimated using least squares, Since the sludge processing 
also based on the waste'<I'ater flow rate, these were also estimated 
Note (1975). 
Air Pollution Control Costs--
The costs of physical methods for air pollution control were broken dO'~l 
into three general areas (REtV-, 1969). These were purchase cost, installation 
cost, and operation and maintenance costs. The cost computations use a prob-
able range of input costs, and therefore give a cost range rather than a point 
estimate. First the purchase cost, a function of the volume rate of the gas 
stream, is read off of curves in REW (1969, Section 6.7). Then, the installa-
tion cost (Table 29) is added to the low, medium, and high estimates of the 
purchase costs. The operation and maintenance costs are calculated from the 
equations in Table 30: Total cost is obtained by combining the O&H, purchase 
and installation costs following the method in HEt-l (1969, Section 6.6) which 
yields a probable low and high cost of air pollution control. The high values 
were used in the model. These are tabulated in Table 31 as cost per unit vol-
ume of emission for those sources considered in the model. 
Solid Waste Disposal Costs--
The cost for physical methods of solid waste disposal includes the col-
lection cost, the transportation cost and the cost of final disposal. The 
final disposal options considered are landfill (regional or local) and in-
cineration. In addition, sludge from wastewater treatment operations may be 
disposed of by land spreading. Disposal costs for the relatively small amounts 
of solid waste generated were estimated for the communities in the study area 
88 
Table 29. Installation costs as a percentage of purchase costs for fbur 
of control devices. a 
Generic Percent 
Type Low Nean High Extreme High 
Dry Centrifugal Collector 40 50 100 400 
Het Scrubber 50 100 200 400 
Electrostatic Precipitator 35 70 100 l.OO 
Fabric Filter 75 80 100 400 
Gravitational Collector 33 67 100 
a From HEW (1969, p. 16) • 
Table 30. Equations for calculating annual operation and maintenance costs 
of air treatment methods (HE\-J, 1969). 
Collector Generalized Equation 
Hechanical centrifugal or gravita-
tional collector 
G = s[0.7457 PHK + H] 
6356 E 
G = S [007457 HK (z + l~~O) +WHL + ~ 
S C(JHK + ND 
Wet collector 
Electrostatic precipitator G 
Fabric filter G S rO 07457 PHK L 6356 E + 
S = design capacity in cubic feet per minute (cfm) 
P == pressure drop in inches of water 
H = hours of operation per annum 
K == cost of electricity in $/KWH (kilmvatt hours) 
E = fan efficiency as a decimal, assumed to be 60 percent 
M == maintenance costs in dollars/(cfm) 
F . fuel costs in dollars/cfm/hour 
W = make up liquor rate in gallons/hour/cfm 
L == cost of liquor in dollars/gallon 
Z total power input required for a specified scrubbing efficiency in 
horsepower/cfm 
J = kilovratts of electricity 1 cfm 
h physical height liquor is pumped in circulation system costs 
Q liquor circulation, gallons per a cfm 
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Table 31. Costs of air ion control for Uintah Basin sources in $/ 106 N3. 
Source 
i Ai5 
8 23.33 79.03 55.92 36.43 a 
9 25.40 88.60 54.90 69.19 14.35 
10 24.35 83.39 50.06 50.66 14.35 
11 25.51 79.70 56.25 38.74 a 
12 24.88 86.51 52 .l. 3 60.19 14.35 
13 25.88 90.90 57.36 79.15 14.35 
14 30.67 93.84 59.30 91. 78 14.35 
15 25.35 88.60 54.90 69.19 14.35 
16 27.20 100.52 62.50 104.70 14.35 
17 25.50 86.65 53.33 63.61 14.35 
18 23.38 82.00 56.13 37.04 a 
19 25.46 89.00 55.09 61.00 14.35 
20 23.15 78.11 55.44 33.56 a 
21 24.88 86.65 52.89 63.08 14.35 
22 22.30 71.60 53.90 25.40 a 
23 25.00 87.10 53.27 63.50 14.35 
24 22.90 77 .50 54.10 27.10 a 
aBecause of its 10\>1er capacity, Ai5 is not appropriate for these sources. 
using the same average cost per unit for each of the towns. The landfill costs 
in Table 32 represent the low and high estimates for operations of less than 
145 metric tons per day (Hagerty, 1973). Other disposal operation costs are 
taken from EPA (1976a) .. The cost of collection is a function of the type of 
truck, size of crew and hours of operation. Transportation cost is a function 
of the type of truck and the haul distance. Economies of scale are reflected 
in the processing of sludge and in differential costs applied to regional and 
local landfills. For a regional landfill site the transportation costs in-
crease in most cases due to the greater haul distances, but the cost of the 
landfill operation is reduced. The costs used in the model are summarized in 
Table 33. The regional landfill is not considered for Bonanza due to its 
great distance from the proposed site. 
Environmental Impacts and 
Quality Standards 
The environmental consequences of residuals discharged from treatment op-
tions are determined through the uSe of water and air quality models. The 
models are used to generate sets of transfer coefficients which relate the 
response of the receiving media to the discharge level or pollutant load from 
a particular source. As required by the environmental impact constraints in 
the model. the net effect of the discharge must be less than the established 
ambient environmental quality standards. 
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Table 32. Costs for solid waste disposal operations. 
Operation 
Collection 
Transportation 
Landfill 
Land Spreading (Sludge) 
Incineration 
$/Hetric Ton 
17.25 
1.60a 
1.13-4.50 
9.10 
6.2Sb 
Reference 
EPA, 1976a. p. S7 
EPA, 1976a, p. 73 
Hagerty, 1973 
EPA, 1976a, p. 134 
EPA, 1976a, p. 86 
a Each town has approximately the same round trip haul of 32 kilometers. 
bThis cost includes an appropriate air pollution control device. 
Table 33. Cost to communities of a regional landfill operation. 
Cost $/Metric Ton 
Tmm Transportation Landfill Total 
Vernal 4.70 1.13 5.83 
Jensen 5.70 6.83 
Duchesne 4.70 5.83 
Altamont 2.80 3.93 
Myton 2.10 3.23 
Roosevelt 0.7 1.83 
Bonanza 
Transfer Coefficients--
Water quality--The ,vater quality model (Grenney and Porcella, 1975; Bishop 
and Grenney, 1976) is used to develop the set of transfer coefficients for 
water quality constituents (Wikr)' These relate a unit change in the pollutant 
load at a discharge point source to a response in stream quality at a surveil-
lance point. For each pollutant constituent in the effluent load, the transfer 
coefficient reflects both the direct effect (an increase in the BODS load re-
sults in a higher BODS level in the stream) and the interaction effects be-
tween the constituents (an increase in BODS or NH4 decreases the DO). Th~ ma-
trices of transfer coefficients in Table 34 were developed using a unit re-
sponse technique. For the effluent flows under each alternative future, the 
model was run varying the levels of pollutant loads and noting the response at 
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Table 34. Hater quality transfer matrices. 
D = 1a 
D = 3e 
D = 3g 
BOD 
NH4 
SS 
DO 
BOD 
NH4 
SS 
DO 
BOD 
NH4 
SS 
DO 
BOD 
NH4 
SS 
DO 
BOD 
NH4 
SS 
DO 
BOD 
NH4 
SS 
DO 
BOD 
. NH4 
D4d = SS 
DO 
BOD 
NH4 
SS 
DO 
BOD 
NH4 
SS 
DO 
BOD 
NH4 
SS 
DO 
BOD 
NH4 
SS 
DO 
BOD 
NH4 
SS 
DO 
BOD 
NH4 
SS 
DO 
BOD 
NH4 
SS 
DO 
Future 0 Future 8 Future 10 
BOD N~ SS DO BOD NI-4 SS DO BOD N~ SS DO 
[
22.8 ] [28.1 ] [24.5 22.8 28.1 24.5 
22.8 28.1 
22.8 28.1 
24.5 
[ 
9.3 ] [ 15.7 ] [ 13.6 10.7 17.4 15.3 
10.2 17.2 
-23.3 -32.6 5.6 -3.4 -4.9 10.5 -2.9 -4.2 
14.9 
[
12.5 12.5 12.5 ] [11.3 11.3 11.3 ] [10.0 10.0 10.0 
12.5 11.3 
[ 
2.4 ] [ 10.0 ] [5.7 2.4 10.0 5.7 
2.4 10.0 
2.4 10.0 
5.7 
[ 
1.2 J [5.0 J [2.9 43 5~ 23 
1~ 5~ 
-0.5 -4.9 0.7 -1.2 -7.5 2.3 -0.7 -4.3 
2.9 
2J 
J 
10,1 
,J 
J 
[0.5 _::: 0.7 a ] [~::-: 2S J [_:: _::: 14 J 
[
85.7 1~5.7 J [147.4 147.4 J [00.0 200.0 J 
185.7 147.4 200.0 
185.7 147.4 200.0 
[
28.6 42.9 ] [26.3 31.6 ] [35.7 42.9 J. 
28.6 26.3 35.7 
-11.7 -57.1 0 -10.5 -47.4 0 -14.3 -64.3 0 
[
11.4 11.4 . ] [10.5 10.5 ] [14.3 14.3 ] 
14.3 10.5 14.3. 
. [-::; -2::: 1.5 ~J [~: -3::: 71 a J [-::; 4::: a ] 
C: -:: 24 J [_:.: _::: 3.6 :: J [-:-: -::: ::: :::] 
[
26.5 J [45.5 J [38.9 J: 26.5 45.5 38.9.
26.5 45.5 38.9· 
26.5 45.5 38.9 • 
[1.5 1.5 1.5 ] [2.6 3_9 3.9 ] [2_22 33 33 l 
[;::~ ~::: 200 1.5J [-:: -::: 13 26J [-:: -:: La 22 'J-': 20.0 1.3 1.0. 
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the surveillance points. From these runs, the transfer coefficients were de 
rived for given effluent discharge rates and receiving streamflows associated 
'''ith the alternative futures. 
Air quality--The general atmospheric dispersion model (Turner, 1970) used 
for the study responds linearly to the rate of emission assuming that the ef-
fective stack height is unchanged. To compute the transfer coefficients, a 
,"ind speed and direction of 2.5 HI sec and 170 degrees were chosen as the COC1-
bination which tended to result in a worst case situation, although a complete 
determination of the worst case would require a detailed study of the meteo-
rology and topography of the Uintah Basin. Meteorological records of the de-
tail needed are available for oil shale tracts U-a and U-b but not basin wide. 
The air quality transfer coefficients (Aikr) were calculated for each 
source-receptor relationship using a unit response approach. The coefficients 
for the do,vnwind concentration are given as gram per M3 for one gram-sec-1 
emission. The total concentration is obtained by multiplying the emission rate 
by the coefficient. 
Some adjustments to the coefficients were then made since the equation 
predicts pollutant level for short time periods (about 3-10 minutes) thus over-
estimating longer time periods, and since empirical data have shown that the 
equation also overestimates for the short time period. The. time adjustment is 
made with an equation suggested by Turner (1970, p.38) 
where 
x 
s 
= 
x = desired concentration for the longer time t 
s s 
= 
= 
p = 
concentration predicted by the model 
time the model applies to (3-10 minutes) 
longer tlme for which concentrations are estimated 
value which likely ranges between 0.17-0.20 
A further adjustment was made to incorporate empirical data 'tvhich indicate that 
the dispersion equation overestimates as well. If data were available, cali-
bration runs could be made to relate the model predictions to actual particulate 
levels in the Uintah Basin. This would require observations at surveillance 
points while the sources were operational. Since these data were unavailable 
a relationship from Smith (1974, p. 163) .. JaS used. For the particulates this 
relationship is: 
x = ambient + 0.532 X 
o m 
where Xm is the level predicted by the model, and Xo is the observed 
concentration. 
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Ambient Hater and Air Quality 
Hater Quality--
\~ater quality data were available from sam~ling programs for the 208 plan-
ning study currently in progress (Horrocks and Carollo, 1976), and from USGS 
sampling on the White River. From these data, the ambient quality at key sur-
veillance points the stream was established as presented in Table 35. 
Ambient Air Quality--
Ambient air quality for undeveloped areas was determined from observed 
data <;l.t the oil shale tracts U-a and U-b, and for populated areas from an urban 
dispersion model (Holz,,,orth, 1972) using data on 1974 emissions from the Utah 
State Division of Health. The yearly emissions in tons of particulates, SOx. 
CO, HC, and NOx, are given by county for the source categories of light vehicles, 
other transportation, process industries, solid t"aste, space heat, electric 
power generation, and miscellaneous. Industries are modeled individually, so 
only light vehicles, other transportation, solid waste, and space heat were 
used to calculate ambient quality resulting from normal community activity. 
Since the emissions data are on a county basis, the amount attributable to each 
community was proportioned by population. In order to apply the urban atmo-
spheric dispersion model to estimate a worst case situation, a peak emission 
rate expressed as tons per year ,-las estimated. Since emission rates are not 
constant throughout the year, and may approach zero at times, the following 
assumptions were made in calculating the peak rate: (1) space heating Smonths 
of the year, (2) solid waste burning uniform throughout the year, and (3) 
transportation 12 hours per day. Since the crosswind distance for the com-
munities is relatively short, it was assumed that none of the pollutants emitted 
at ground level achieved a uniform vertical distribution before being trans-
ported beyond the downwind edge of the city. The equation applied is: 
x/Q 3.994(S/U)0.115 
where X/Q is the concentration averaged over a city and normalized for uni-
form average area emission rat.e (Q), and S is the along-wind distance across 
the city in meters, and U is the wind speed in meters/second. To calculate 
the average concentration from the above equation, it is necessary to multiply 
by the uniform average area emission rate, that is the total emission rate in 
gram-sec-1 divided by the area of the emitter in square meters. The data used 
to calculate the contributions from the towns are shown in Table 36. It was 
assumed that the observed air quality at U-a and U-b was representative of the 
basin. without municipal or industrial activity. The geometric mean for the 
SUIDiller of 1975 was 23 ].lgm/m3 (VTN, 1975). This was taken as a base condition 
and added to the calculated contribution from the· tmros. 
\-later and Air Quality Standards 
The Utah State Water Pollution Committee and the Utah State Board of 
~,ealth have classified all intrastate surface water as Class "C. II These Haters 
must be suitable for domestic water supplies after conventional domestic water 
treatment. In addition to the state standards, wastewater treatment facilities 
must meet requirements set forth by the Federal Water Pollution Control Act 
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Table 35. Ambient water quality at surveillance points. 
Surveillance Hater Quality Parameter (mg/l) 
Point 
. BODS NB4 S3 DO 
A. Ashley Creek 
near Vernal 1.7 2.9 4.3 12.3 
B. Ashley Creek 
near Jensen 2.2 3.6 8.0 10.1+ 
C. Duchesne River 
near Duchesne 1.2 0.8 11.8 9~4 
D. Lakefork near 
Altamont 1.0 3.2 4.3 9.1 
E. Duchesne River 
near Ny ton 1.3 1.2 28.6 9.7 
F. Cottonwood Creek 
near Roosevelt 1.3 L •• 1 25.7 9.3 
G. Duchesne River 
near Randlett 1.3 1.2 43.8 8.7 
H. lfuite River 
near Bonanza 1.3 1.9 IS 7.6 
Table 36. Data for calculation of ambient particulate levels for communities. 
Town Parameter 
Q 2 A -6 S U X 3 gm/sec ill x 10 ill m/sec llgm!m 
Vernal 8.0 4.1 2020 2.5 IS 
Roosevelt 2.4 3.S 2100 2.S 1 
Duchesne 1.5 4.3 2000 2.5 1 
llinendments of 1972. Likewise, air quality standards are established to comply 
with the National Ambient Air Quality Standard and the Utah State standard for 
particulates. The receiving media quality standards established as constraints 
for the model are presented in Table 37. 
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Table 37. Receiving media quality standards. 
Parameter 
vlater Constituents 
BODS 
NH4 
Suspended Solids 
DO 
Air Constituents 
Particulates 
SUMMARY 
Standard 
less than 5 mg/l 
less than 4 mg/l 
none 
greater than 5.5 mg/l 
3 less than 200 ~g/m 
This section of the report has developed the LP model structure for analy-
sis of residuals management strategies of the Uintah Basin study area, and the 
model cost coefficients, technical coefficients, and right-hand-sideconstraint 
values have been documented. The model structure incorporates transfer coef-
ficients, derived from air and water quality simulation models, used in develop-
ing the media quality constraint set. Model solutions for various management 
options and alternative futures were obtained using the Burroughs B-6700 com-
puter and T~~O mathematical programming package. 
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SECTION 9 
RESIDUALS }~NAGE}ffiNT FOR ALTERNATIVE FUTURES 
MODEL ANALYSIS OF RESIDUALS ~NAGE}ffiNT STRATEGIES 
Introduction 
The linear programming residuals management model is used to analyze com-
binations of physical methods (production processes and treatment options) and 
implementation incentives that would achieve and maintain desired levels of 
environmental quality. The evaluation of residuals management strategies is 
done within the reference frame of alternative futures for the basin. The 
objective function of the model is to minimize the cost of residuals management 
given the possible production processes, treatment options, environmental 
quality constraints, and economically oriented implementation incentives. More 
specifically, working from the economic activity levels for the alternative 
futures, the various facets of management strategies examined include oil shale 
production process options, water and air borne residuals treatment options, 
effluent charges and effluent standards for water and air residual discharges, 
and water rights constraints. Although it was not possible to analyze all the 
physical and implementation methods summarized in Tables 1 and 2 due to 
limitations in data and in the type of area selected for study this section 
does provide a procedure and approach for analysis of residuals arrangement 
strategies in a region subject to large exogenous forces of economic change. 
Baseline Environmental Quality Conditions 
In order to assess the effectiveness of residuals management options in-
dicated by the model solutions, it is necessary to establish baseline environ-
mental quality levels that would prevail under the alternative" futures without 
the appplication of any management methods. Water quality conditions were 
estimated at stream quality surveilance points designated on the map of Figure 
29. The present water quality conditions are specified as ambient quality 
levels in Table 38 for five day biological oxygen demand (BODs), amrnonia(Wcl4)~ 
suspended solids (SS) and dissolved oxygen (DO). These levels are the result 
of current population and loading conditions, and efficiency existing treat-
ment facilities. Present treatment facilities consist of a trickling filter 
plant at Vernal and standard lagoon systems at Duchesne and Roosevelt. The 
situation expressed in Table 38 for Futures Zero, Eight and Ten assumes that 
existing treatment facilities become obsolete~ or are of inadequate capacity, 
and are closed down. As shown in the Table, stream quality conditions under 
the futures would be quite seriously degraded at all locations if no treatment 
were applied. These quality levels indicate a baseline against which to 
measure improvements achieved under optiwEl treatment and management schemes. 
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Figure 29. Water and air quality surveillance points. 
9'8 
Table 38. Baseline water ~ua1ity conditions. 
Survei1ance Point/Condition BODS t-.1l4 SS DO 
A. Ashley Crk n. Vernal mg/l 
Ambient 1.7 2.9 4.3 12.3 
Zero 104.0 17.0 117.0 14.3 
Eight 160.0 25.5 177 .0 15.3 
Ten 160.0 25.5 177 .0 15.3 
B. Ashley Crk. n. Jensen 
Ambient 2.2 3.6 8.0 10.4 
Zero 46.2 9.4 13.5 a 
Eight 90.0 17.8 116.0 a 
Ten 92.0 18.0 116.0 a 
C. Duchesne R. n. Duchesne 
Ambient 1.2 0.8 11.8 9.4 
Zero 3.3 1.1 13.1 9.4 
Eight 9.6 2.0 21.0 9.6 
Ten 9.6 2.0 11.7 9.4 
D. Lakefork n. Altamont 
Ambient 1.0 3.2 4.3 9.1 
Zero 28.0 7.1 34.3 9.6 
Eight 60.0 11.6 10.7 10.2 
Ten 60.0 11.6 10.7 10.2 
E. Duchesne R. n. Myton 
Ambient 1.3 1.2 28.6 9.7 
Zero 6.0 2.3 33.8 6.6 
Eight 3.2 4.2 49.6 1.0 
Ten 3.2 4.2 49.6 1.0 
F. Cottonwood Crk. n. Roosevelt 
Ambient 1.3 4.1 25.7 9.3 
Zero 39.3 9.5 66.7 8.6 
Eight 75.0 15.6 33.8 10.7 
Ten 7.7 13.3 95.7 10.5 
G. Duchesne R. n. Randlett 
Ambient 1.3 1.2 43.8 8.7 
Zero 3.5 1.8 48.1 5.5 
Eight 12.9 3.2 59.8 1.4 
Ten 12.8 3.0 59.8 1.5 
H. White R. n. Bonanza 
Ambient 1.3 1.7 15.0 7.6 
Zero 2.1 2.0 15.9 7.6 
Eight 3.0 2.1 116.8 7.6 
Ten 3.0 2.1 116.8 7.6 
aVery low concentrations 
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Air quality conditions were also established from data representative of the 
study area. For particulates the general range for the basin is from 23 to 
38 micrograms per cubic meter. 
}fINHfUH COST TREATMENT STRATEGIES TO NEET 
ENVIRONMENTAL QU.~ITY STANR~DS 
The initial analysis of management strategies ,.]as aimed at firs t obtaining 
minimum cost treatment methods for water and air discharges that would meet 
quality standards for designated w"ater and air quality parameters. Eight waste 
water treatment process combinations were available to each of the seven municipal 
discharges, and five air emmissions cleaning devices were available for reducing 
particulates from processes of the four major industrial sources. As shown in 
Figure 29, stream standards for four constituents were imposed as water quality 
constraints at eight surveilance points, and air quality standards for par-
ticulates were imposed at nine monitoring points. Solid wastes handling options 
included land fill and incineration. Optimal (minimum cost) treatment com-
binations were obtained for alternative futures Zero, Eight, and Ten. 
Waste,vater Treatment and Resultant Stream Quality 
The waste,vater treatment processes indicated by the mlnlmum cost solution 
is presented in Table 39 for the model for each of the seven communities. A 
Combination of standard lagoon and total containment lagoon is selected for 
Vernal, Altamont, and Roosevelt. In the river reaches near these towns, the 
amount of BOD discharged by the standard lagoon causes the stream standard 
to be exceeded. Hence, most of the wastewater is completely contained and only 
a small amount discharged via the standard lagoon system. Further discussion 
of the impact of total containment lagoons will be developed later. In the 
river reaches near Jensen, Duchesne, Hyton, and Bonanza, the stream flows are 
sufficiently large to assimilate the relative small effluent discharges. Thus, 
for these communities a standard lagoon system is selected. The selection of 
standard and containment lagoons as the optimal waste,yater treatment schemes is 
certainly compatible with the characteristics of the region. Because the region 
is large population density is low, land is comparatively abundant and re~ 
latively less expensive as a factor in total system cost. This coupled with 
the additional cost of handling and disposing of sludge as a secondary residual 
from other treatment processes also tends to favor lagoon systems. 
A summary of the effluent dishcharge loads after treatment for each of the 
municipal \vasteHater sources is sUIlltl1arized in Table 40. This information, 
generated as part of the model output, shows changes in pollutant loads for the 
alternative futures after .. 7astewater treatment is applied. The impact of these 
discharges on stream quality at the stream quality monitoring points is depicted 
graphically in Figure 30. The BOD levels are at the lmvest concentration 
under the treatment scheme of future Zero. With the larger populations and 
"(,raste~vater volumes under futures Eight and Ten, the in-stream BOD increases but 
treatment techno.logies are adequate to maintain them within the 5 mg/l standard 
as required by the model constraints. Interestingly, DO concentrations in the 
stream improve under futures Eight and Ten because of the larger effluent dis-
charge volumes \vhich retain fairly high levels of DO. 
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Table 39. Optimal treatment methods for wastewater discharges from Uintah Basin Communities. 
Zero Ei~ht Ten 
Wastewater Treatment Wastewater Treatment Wastewater Treatment 
Community Treated Process(es) Treated Process (es) Treated Process(es) 
(1000 M3) Selected (1000 M3) Selected (1000 M3) Selected 
1. Vernal 1.6 Standard.Lagoon 1.0 Standard Lagoon 1.6 Standard Lagoon 
19.9 Containment Lag. 25.8 Containment Lag. 29.2 Containment 
2. Jensen 0.8 Standard Lagoon 0.8 Standard Lagoon 0.8 Standard 
3. Duchesne 4.1 Standard Lagoon 4.0 Standard Lagoon 7.0 Standard Lagoon 
4. Altamont 0.3 Standard Lagoon 0.4 Standard Lagoon 0.3 Standard 
l-' 0.4 Containment Lag. 1.5 Containment Lag. 1.1 0 
l-' 
5. l-fyton 0.9 Standard Lagoon 5.0 Standard Lagoon 2.8 Standard Lagoon 
6. Roosevelt 1.3 Standard Lagoon 0.7 Standard Lagoon 0.9 Standard Lagoon 
5.5 Containment Lag. 7.0 Containment Lag. 8.1 Containment 
7. Bonanza 0.2 Standard Lagoon 6.0 Standard Lagoon 8.0 Standard Lagoon 
,- .--- - _ .. -----
• II ~ I 
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Table 40. Constituent loads in treated effluent discharges. 
--~.- ................ -.-----.. -.--
Treated Effluent Discharge 
Effluent FlQ,vs (IQ3 M31 BOD (kg/lOOO M3) NH4 (kg/1000 }13) SS (kg/1000 1:13) 
Source Zero Eight Ten Zero Eight Ten Zero Eight Ten Zero Eight Ten 
Vernal 1.6 1.0 1.6 102.9 64. a - 100.5 24.5 15.2 23.9 114.4 71. 2 111. 6 
Jensen O.S 0.8 0.8 50.4 50.4 50.4 12.2 12.2 12.2 56.0 56.0 56.0 
Du-
chesne 4.1 If.O 7.0 258.3 252.0 441.0 61.5 60.0 105.0 2S7.0 280.0 490.0 
Alta-
mont 0.3 0.4 0.3 lS.l 22.8 16.8 4.3 5.4 4.0 20.1 25.3 18.7 
l--' 
0 
N Myton 0.9 5.0 2.8 56.7 182.7 176.4 13.5 43.5 42.0 63.0 203.0 196.0 
Roose-
velt 1.3 0.7 0.9 79.2 46.2 54.0 lS.9 11. 0 12.9 88.1 51.3 60.0 
Bonanza 0.2 6.0 8.0 12.6 378.0 504.0 3.0 90.0 120.0 14.0 420.0 560.0 
" III 'I 
...... 
Ol 
.§. 
0 
0 
III 
...... 
Ol 
.§. 
o 
o 
8 
6 
4 
3.6 
3.2 
2.8 
2.4 
2 
1.6 
1.2 
08 
0.4 
0 
15 
10 
5 
C D E F G 
t;----.~ ~, 
. O- ___  
---- . 
o TEI\J 
o ZERO 
A EIGHT 
OL-~------r------r-----.------~ 
c D E F G 
SURVEILLANCE POINTS 
~.--o 
o--~ 8:---
I 
A 
I 
A 
I 
B 
I 
B 
I 
I 
I 
I 
.0 I 
[;) I 
I 
I 
, 
i 
i 
H 
Figure 30. Effects of wastewater treatment technologies for alternative futures. 
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Control of Industrial Air Pollution and Resultant Air Quality 
The major sources of air emissions are industrial processes associated 
with mining and processing of oil shale, phosphates, gilsonite, and crude oil 
refining. Emissions from space heating and transportation in the major com-
munities 'Here examined, but these sources had negligible effect on the air 
quality levels <;iue to their 10~i1 discharge rate and diffuse nature. Thus, 
control of these sources. was not included in the model. 
The air emissions control technologies indicated for industrial sources 
by the minimum cost solution are presented in Table 41. At future Zero levels, 
the phosphate and gilsonite mining and processing use the gravitational control 
method as the most effective means for the low volumes of air discharge from 
these processes. Expanded phosphate production under futures Eight and 
requires a centrifugal control device in addition to the gravitational ems 
operational under Future Zero. Oil shale and oil refining, not in production 
under future Zero, are included at full production in futures Eight and Ten. 
A combination of centrifugal, gravitational, baghouse and electrostatic pre-
cipitator is required for controlling emissions from the six processes of 
TaSCa II. 
The air quality levels achieved for futures Zero, Eight and Ten ,-lith the 
optimal emissions control technologies applied to the industrial sources are 
compared to the background levels for particulates in Table 42. The com-
munities of Vernal, Jensen, Duchesne, Altamont, and Hyton retain quality 
levels, well belmlT the 200 micrograms/m3 standard. Roosevelt and Bonanza show 
a decrease in air quality due to their proximity to the oil refinery and oil 
shale tracts, respectively. At the oil shale tracts and the phosphate develop ... 
ment site treated emissions just meet the standard of 200 micrograms per cubic 
meter. 
Solid Waste Disposal 
Solid wastes are generated as primary residuals by both the municipal and 
industrial activities. The solid residuals from industrial sources are spent 
shale from the retorting processes (except in situ), and over-burden and 
tailings from the phosphate and gilsonite mining and crushing. \{hile the 
volumes of these solids will be fairly large, particularly in the case of 
spent shale, disposal areas and methods are an on-site problem for wbich link-
ages to water and air quality could not be established. Therefore, these solid 
wastes are not incorporated into the model. Solid wastes disposal from 
municipal, commercial and household activities in the communities can take 
place at alternative local or regional landfill sites. The cost of using 
available sites includes land operation and haul costs to the various sites 
for each municipality. 
The combination of sites for futures Zero, Eight and Ten indicated by the 
optimal solution is summarized in Table 43. The configuration indicates the 
use of local sites for all communities, except that Duchesne, Altamont, and 
Roosevelt share a regional landfill site. 
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Table 41. Optimal treatment methods for air emissions from industrial processes. 
SOURCE ZERO EIGHT 
b ~.~ ".,.... ~ 
'"' 
'.-1 CD ~ 
'"' 
CIl '"0 
'"' :>..
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oW ',H -..;;" :>.. 
'"' 
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'CI -.-1 HO C!J 0.-1 CIl .w .w 'H 0 (lJ 0,..., HCIl~ HO ~ :§ '.-1 .-I H H (lJ ~~! -.-1 .-I H H Q.) (1j'.-1 '.-1 ..-l H <Xl'-' Hrlltr.l <Xl'-' Hp..tr.l rllA "-" <Xl"-" 
Oil Shale 8 10.8 Centrifuge 10.8 
(TOSCa) 9.6 Gravitational 1.34 9.6 
9 24.5 Baghouse 0.64 24.5 
10 6.6 ' Baghouse 0.14 
11 100.0 Electro-Static 7.80 Future 
12 21.1 Baghouse 0.13 Future 
13 10.3 Baghouse 0.08 
Gilsonite 14 0.2 Gravitational 0.07 0.2 Gravitational 0.07 
15 1.2 Gravitational 0.15 1.2 Gravitational 0.15 
Phosphate 16 0.3 Gravitational 0.05 0.3 Gravitational 0.05 0.5 
17 1.4 Gravitational 2.72 0.3 Centrifuge 1.4 
1.4 Gravitational 2.72 0.9 
Oil Refinery 18 9.3 Centrifugal 0.39 
19 1.1 Gravitational 0.01 
20 13.7 Centrifugal 0.01 
21 1.7 Gravitational 0.01 
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Gravitational 1.34 
Baghouse 0.64 
8 Tasca II 
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Gravitational 0.10 
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Gravita tiona 1 2.67 
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Table 42. Air quality levels for particulates in micrograms/m3, 
'I 
Air Quality Quality Levels with 
Emissions Controlsa 
" 
Background Zero Eight & Ten 
Al Vernal 38 38 38 
A2 Jensen 24 24 24 
A3 Duchesne 24 24 24 
A4 Altamont 24 24 24 
AS Myton 24 24 24 
A6 Roosevelt 24 24 42.S 
A7 Bonanza 24 63.2 63.4 
AS Oil Shale Tracts 23 23 200 
A9 Phosphate Hines 23 200 200 
aStandard 200 micrograms/m3 
Table 43. Optimal disposal methods for municipal solid wastes. 
ZERO EIGHT TEN 
Community Sol'id Was tc.>.s Landfill Solid Wastes Landfill Solid Has tes Landfill (Tons/day) Local Regional (Tons/day) Local Regional (Tons/day) Local Re: ;ional 
1 Vernal 34.0, 34. 0, 42.0 42.0 48.9 ,48.9 
2 Jensen 0.72 0.72 0.72 0.72 0.72, 0.72 
3 Duchesne 6.4 6.4 6.4 6.4 11.2 11.2 
4 Altamont 1.1 1.1 3.0 3.0 2.1 2.1 
S Myton 1.3 1.3 4.7 4.7 4.4 4.4 
6 Roosevelt 10.2 10.8 12.2 12.2 14.3 14.3 
7 Bonarza 0.8 O.S 6.9 6.9 : 12.6 12.6 
ANALYSIS OF RESIDUALS H.At\lAGEl1ENT STRATEGIES 
To illustrate the interaction of both physical methods and implementation 
incentive, some key aspects of these parts of residuals management strategies 
are investigated for the Uintah Basin study area. Hhile limitations of data 
and of the scope of the research made it impossible to examine all the possible 
combinations of physical methods and implementation incentives, the analysis 
does represent a sample evaluation of types and relations of strategy options. 
Physical Methods of Residuals Management 
The physical methods for controlling, reducing or modifying the residuals 
generated by activities in the study are treatment of effluents or emissions 
and modifications of production processes in order to change the types and 
quantities of residuals generated. 
Cnanges in Production Processes--
The major opportunity for alteration of residuals streams through pro-
duction process decisions is in the oil shale development. The characteristics 
of three different production processes, TOSCO II, PARAHO, and In Situ, for 
mining and retorting oil shale were described previously •. These three processes 
represent different means of obtaining the same basic product. each having 
different subprocesses and residuals generation characteristics. In order to 
assess the effect of process modification, a residuals management LP model run 
was made for each process to obtain the corresponding combination of optimal 
treatment technologies that would meet air quality standards for that process. 
A summary of the results of the model solutions is presented in Table 44. 
Clearly, the largest total discharge of particulates after treatment, and the 
largest total cost of treatment is for the TOSCO process. As the table in-
dicates, meeting standards for the large discharge quantities requires a 
relatively large effective stack height. This takes better advantage of the 
assimilative capacity of the atmosphere by dispersing the particulates and 
shifting the point of ma~imum concentration further downwind. Although the 
total emissions from PARAHO are larger than In Situ~ the treatment technologies 
required to meet standards are less expensive. This is primarily because of 
the much smaller volumes of airstreams that must be treated which allows the 
use of smaller stacks· . 
The air quality impact of the treated emissions for the various processes 
are presented in Table 45. Because the communities are a considerable dis-
tance from the oil shale tracts, the impact on air quality of treated emissions 
from the shale sites is negligible. The change in air quality at Roosevelt is 
primarily the result of the refinery operation, while the ambient air quality 
at Bonanza, mostly the result of shale processing, has been degraded to some 
extent. The quality levels at monitoring points near the shale processing 
sites are maintained at the standard of 200 micrograms per cubic meter for the 
TOSCO and PARAHO processes, and for the In Situ process it is maintained 
:::t about 130 mierograms per cubic meter. 
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Table 44. Comparison of bil shale process air emissions treatment. 
Unit 
TaSCa 
8-Primary Crusher 
9-Final Crusher 
10-Fine are Storage 
II-Raw Shale Preheat 
l2-Steam Superheater 
l3-Shale Moisturizer 
PARAHO 
8-Primary Crusher 
10-Fine are Storage 
l3-Shale Moisturizer 
22-Incinerator of gas 
23-Shale Transport 
24-Hydrogen Plant 
'I' 
Vol. of Airstream 
Treated 
106 m3/day 
10.8 
9.6 
24.5 
6.6 
100.0 
21.1 
10.3 
20.4 
6.6 
2.1 
8.2 
108.9 
2.1 
27.3 
Treatment 
Process{es) 
Centrifuge 
Graviational 
Baghouse 
Baghouse 
Electro-Static 
Precipitator 
Baghouse 
Baghouse 
Centrifugal 
Baghouse 
Centrifugal 
Baghouse 
Centrifugal 
Gravitational 
Centrifugal 
Metric 
Tons/day 
Resid. Disch. 
After Treatment 
(Particulates) 
1.34 
0.64 
0.14 
7.80 
0.13 
0.08 
10.13 
2.32 
0.14 
0.92 
3.38 
0.27 
0.07 
0.01 
0.35 
Cost 
250.8 
1.2 
1, 2.3 
.9 
3,874.0 
1,106.3 
7,844.3 
475.7 
328.9 
.6 
.8 
1, 
3, 
Stack Height eM) 
52 
24 
36 
112 
76 
52 
36 
276 
28 
179 
Table 45. Air quality levels with emissions controls. 
Air Quality Levelsa with Emissions Control 
(micrograms/m3) AIR QUALITY 
NONITORING POINT Background TaSCa II P~T{ARO IN SITU 
Al Vernal 38 38 38 38 
A2 Jensen 24 24 24 24 
A3 Duchesne 24 ·24 24 24 
A4 Altamont 24 24 24 24 
A5 Myton 24 24 24 24 
A6 Roosevelt 24 42.5 42.5 43.5 
A7 Bonanza 24 63.4 63.3 63.2 
AS Oil Shale Tracts 23 200.0 200.0 129.8 
aStandard = 200 micrograms/m3 
'fable 46. Cost sensitivity .aualysis of \taste\vater treatment technologies. 
Treatment 
Method 
Vernal 
W13 AS + F + N 
W16 Lagoon + F 
+F 
W31 + F 
W34 TF 
W30 Lagoon + F 
Roosevelt 
W63 AS + F + N 
W66 L + F 
Process 
Input 
Cost 
($/day) 
96.00 
58.00 
348.16 
138.0 
148.0 
107.00 
185.00 
87.00 
AS = Activate sludge 
F = Hixed media filter 
N = Nitrification 
Cost to 
Enter 
Optimal 
Basis 
($/day) 
43.75 
35.00 
23.57 
28.53 
28.53 
61.00 
66.00 
50.00 
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TF 
L 
Activity 
Level at 
New Cost 
(mgd) 
9.2 
1.0 
O.S 
4.0 
4.0 
4.0 
6.1 
0.7 
Trickling 
Lagoon 
Process 
Replaced 
(or 
Limiting 
Constraint) 
(BOD at A) 
St. Lagoon 
St. Lagoon 
St. Lagoon 
St. Lagoon 
St. Lagoon 
(BOD at F) 
St. Lagoon 
From the standpoint of pollution control efficiency and cost the PARAHO 
process appears to be superior based on present information and data. How-
ever, the final selection of process is also heavily influenced by investQent 
and production costs for the total process, factors which are still highly 
speculative and could not be taken into account in this analysis. 
Changes in Treatment Technologies--
Treatment technologies represent the conventional "end of pipe" treatment 
approach for dealing with primary residuals based on the transporting media. 
However, facilities planning using this approach overlooks the costs of con-
trolling intermedia transfers and their impacts. 
A sensitivity analysis of the optimal '17astewater treatment methods gives 
an indication of the costs of handling intermedia transfers. The activated 
sludge and trickling filter processes produce sludge which must be handled 
and disposed of. In Table 46, this accounts for part of the cost differential 
between the process input cost and the cost level at ,.,hich the process would 
be in the optimal solution. Note that in some cases the treatment technology 
is limited by a water quality constraint that cannot be met beyond. a certain 
effluent discharge level. 
In the case of air treatment technologies, analysis also indicates the 
sensitivity of the optimal technological controls to cost. Table 47 summarizes 
several technologies not selected in the optimal solution and indicates the 
unit cost level at which they would replace the optimal technologies. Costs 
which are close to the same, such as centrifugal controls for the raw shale pre-
heat unit (11), should be subjected to further refinement. 
Implementation Incentives 
Analyses pertaining to managing residuals discharge to a single environ-
mental media can be modified and extended to the case of total residuals man~ 
agement by recognizing the trade-offs that exists between different forms of 
residuals. Analyses of various implementation incentives to achieve "optimalrt 
environmental quality abound in environmental economics literature. By apply-
ing appropriate incentives a firm can be induced to curtail the discharge of 
wastewater by reducing the output, by making suitable modifications in the 
production process, by installing wastewater treatment facilities, or by any 
combination of these alternatives. Similar considerations apply to the units 
generating solid wastes or air pollution. The question is what amount should 
each residual discharger withhold from the environment and how can this De 
efficiently accomplished. In the case of water pollution, the control measures 
co~monly suggested to achieve waste reduction include effluent charges, pay-
ments and direct regulation. The efficiency of each of these strategies and 
the difficulties associated '-lith effectuating these regulatory systems have 
been discussed extensively by Kneese and Bower (1968). 
Economic Background on Effluent Standards and Charges--
For the following discussion, assume that the amounts of various 
forms of residuals generated by production and consumption sectors are fixed 
and the only way to curtail the degradation of the environment is through 
residual modification processes. Also, assume that the damage functions are 
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Table 47. Cost analysis of air treatment technologies for TaSCa. 
Treatment 
Method 
8-Primary Crusher 
A2 ~"est Scrubber 
A2 Baghouse 
9-Final Crusher 
A4 Electro-Static 
Precipitator 
10-Fine Ore Storage 
A4 Electro-Static 
Precipitator 
ll-Ra".J' Shale Preheat 
Al Centrifugal 
A2 Het Scruber 
A3 Baghouse 
l2-Steam Superheater 
A2 Wet Scrub 
A4 Electro-Static 
Precipitator 
13-Shale .Moisturizer 
A2 "(>let Scrub 
A4 Electro-Static 
Precipitator 
Process 
Cost 
($/day) 
79.03 
55.92 
69.19 
50.66 
23.51 
79.70 
56.25 
86.51 
60.19 
90.9 
79.15 
Cost to 
Enter 
Optimal 
Basis 
(S/day) 
34.96 
37.59 
19.13 
17.88 
111 
21. 69 
36.84 
40.25 
43.17 
48.33 
45.35 
Activity 
Level at 
NevI Cost 
(l06 m3/ day) 
10.9 
8.9 
3.9 
6.4 
8.3 
74.3 
83.7 
15.2 
21.1 
5.2 
10.3 
Process 
Replaced 
(or 
Limiting 
Constraint) 
Electro-St<1tic 
Precipitator 
Electro-Static 
Precipitator 
Centrifugal (8) 
Centrifugal (8) 
Centrifugal (8) 
Centrifugal (8) 
Electro-Static 
Precipitator (8) 
Centrifugal (8) 
Baghouse (12) 
Centrifugal (8) 
Baghouse (13) 
perfectly inelastic. This assumption is consistent with adherence to Federal 
or State ordinances promulgating certain environmental standards. It is also 
justified by viewing it as a collective solution to the problem of externalities. 
Under these assumptions the issues become what treatment processes should a 
residual generating unit employ to meet a given environmental standard and ,how 
can these be implemented in the most efficient manner. In the analysis of 
implementation incentives, stream and effluent standards, and effluent charges 
will be given primary consideration. 
The Single Residual Case--In attempting to reduce the dishcarge of a 
single firm's wastewater, a management agency could levy a charge on a water 
quality parameter or set an effluent standard. The response of the firm to 
these actions can be analyzed as follows. Let Wi be the maximum load that a 
firm can discharge into a stream. This corresponds to the concentration of the 
influent to a treatment process. Let n be the efficiency of the treatment 
process. 
In Figure 31, the x-axis measures the load of a particular pollutant 
that is withheld. The maximum amount that can be withheld, Wi' is the total 
amount present in the influent of the treatment facility. Now, an effluent 
standard equal to the length w wi would make the firm move to the equilibrium 
at A. The marginal cost associated with this level ciftreatment will be length 
P~.Ji· 
Next, consider an effluent charge of PWi per unit load. This also will 
bring the equilibrium, to A. To see this, write 'the cost function of the 
firm. 
C = PWi(l - n)OWi + TC(n-OWi) 
Differentiating with respect n-Ot;.Ji,. the amount withheld, 
dC __ p . , 
d(n- m-?i) - Wl. + TC = 0 
The marginal cost (MC) of withholding equal to the effluent charge (P\,]i) is a 
necessary condition for a ml.nl.mum. If the total cost function is increasing 
and has a second derivative, the sufficient conditon for a minimum at A is 
also satisfied. Any other point will result in a higher cost to the firm. 
In cases involving more than one firm, it can be demonstrated that with an 
appropriate charge, the stream standards can be realized, resulting in equi-
marginal cost treatment of each individual discharger. This stream analysis 
also indicates that the standards and effluent standards can be viewed com-
plementarily. For certain quality parameters, the federal and/or state or-
dinances specify one or the other. When quality standards corresponding to 
declining portion of the cost curves have to be met, there is no single effluent 
charge that can accomplish this. Other considerations such as equity consider-
siderations and distributional aspects are also extremely important issues in 
setting up residuals management strategies. 
The Secondary Residual Case--In the problem of total residuals management, 
reduction of one form of residual may result in the generation of another form. 
For instance, a change on BOD could conceivably increase th(~ amount of sludge. 
or controlling particulate emissions could increase the amount of solids 
generated. If WI, W2 and W3 are three forms of residuals, for any source the 
trade off bet'<;-leen these three forms can be implicitly written as 
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$ MC 
MC 
p 
Amount of 
O..,.;:;;;;.....---------~-------'-----;, .... Wasteload . 
W Wi With-held· 
Figure 31. Equilibrium adjustments to effluent standards or charges. 
In a regional environmental management context, an effluent charge proposed on 
the three forms of residuals will induce each generating unit to equate the 
ratio of the marginal cost of waste reduction for Wi and Wj to their marginal 
rate of transformation. Here, the marginal cost of waste reduction for the 
ith residual is the difference between the cost of treating an additional unit 
and the resulting saving from not having to pay the effluent charge on that 
additional unit. The question whether an effluent charge is appropriate on 
only primary residuals or is it necessary to l~vy a charge on the secondary 
residuals too. Also, it seems possible that no combination of effluent charges 
will result in the environmental standards being met. 
Effluent Cnarges--
For the purpos of this study, an effluent charge schedule on BOD and the 
particulates were levied separately and the resulting environmental quality for 
various charges was derived from the linear programming model._ The charges were 
varied using parametric analysis on the linear programming model. Table 48 
shows the relationship between the effluent charge and the BOD load at various 
surveillance points. From the table, an effluent charge of 10¢/lb of BOD is 
sufficient to induce the waste dischargers to cut back BOD loading to the point 
that stream standards are met. 
Table 48. Response to effluent charge on BOD. 
Effluent Charge \V'nter Quality-BOD (mg/l) 
$/lb A B C D E F G H 
0.02 5.7 4.5 3.7 5.8 4.7 3.7 2.7 1.8 
O. OtT 5.7 4.5 3.7 5.8 4.7 3.7 2.7 1.8 
0.06 5.7 4~5 3.7 5.8 4.7 3.7 2.7 1.8 
0.08 5.7 4.5 3.7 5.8 4.7 3.7 2.7 1.8 
0.10 4.2 4.2 3.7 4.4 4,5 3.4 2.6 1.8 
0.15 4.2 4.2 3.7 4.4 4.5 3.4 2.6 1.8 
0.20 4.2 4.2 3.7 4.4 4.5 . 3.4 2.6 1.8 
0.25 4.2 4.2 3.7 4.4 4.5 3.4 2.6 1.8 
0.30 4.2 4.2 3.7 4.4 4.5 3.4 2.6 1.8 
0.50 4.2 4.2 3.7 4.4 4.5 3.4 2.6 1.8 
1.00 3.2 3.6 3.7 4.4 4.5 3.4 2.6 1.8 
1. 50 2.1 3.0 3.7 4.4 4.5 1.3 2.5 1.3 
In Table 49, the relationship betweenfue BOD concentrations at surveillance 
point and the effluent charges are shown for a case excluding the complete 
containment lagoon option. With an effluent charge of $l.OO/kg of BOD, the 
solution did not differ from that corresponding to $0.10. Violation of streaiTI 
standards can be observed at surveillance points A and D. lHth higher 
effluent charges, it would be possible to meet the standards at these points. 
Table 50 shows the concentration of particulate matter at surveillance 
points A6-A9 in response to a schedule of charges imposed on particulate 
emmissions. From the table, a charge of $200/metric t~n of particulates is 
required to meet the air quality standard of 200 pgm/m • 
Effluent Standards--
Effluent standards on individual point discharges can also be used to 
achieve desired levels of environmental quality; For the study area assume 
that effluent standards and the stream standards are imposed by appropriate 
state and local agencies. For BOD and suspended solids, the effluent standards 
are uniformly set at 10 mg/liter for all discharge points. The resulting 
quality levels are compared with the stream standards in Table 51. The table 
shows the BOD and suspended solid concentrations at each of the nine surveillance. 
points from stream standards only and for both stream and effluent standards. 
It can be seen that the concentration of BOD and 5S at the nine surveillance 
points decrease with the enforcement of effluent standards. 
Legal Constraints and Incentives - A Water Rights Example--
Certain technological controls for waste reduction may violate legal and 
i.nstitutional constraints in a given area. One example is t:he adoption of the 
~omplete containment lagoon option for treating wastewater. With a total con-
tainment lagoon, the wastewater is not returned to the system. Rather, the 
water is lost from the stabilization ponds through seepage and evaporation. 
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Table 49. Response of BOD levels at surveillance points. 
Effluent Charge Hater quality BOD (mg/l) 
$/Ib A B C D E F G H 
0.10 5.5 4.5 3.7 5.8 4.7 3.7 2.7 1.8 
0.20 5.5 4.5 3.7 5.8 4.7 3.7 2~7 1.8 
. 
1.00 5.5 4.5 3.7 5.8 4.7 3.7 2.7 ,1.8 
Table 50. Response of particulate levels at mOnitoring points to 
emission 
Effluent Charge Air Quality ~gm/rri.3) Total 
$/kg metric ton A6 A7 AS A9 Cost 
0.25 19.5 42.1 10,385.4 194.6 17 ,244.2 
0.50 19.5 42.1 10,385.4 194.6 
0.75 19.5 42.1 10,385.4 194.6 
1.00 19.5 42.1 10,385.4 194.6 
1.25 19.5 42.1 10,385.4. 194.6 
2.50 19.5 42.1 10,385.4 194.6 
3.75 19.5 42.1 10,385.4 194.6 
5.00 19.5 42.1 10,385.4 194.6 
10.00 19.5 41. 3 5,643.7 194.6 382,373. 
15.00 19.5 13,357.7 562,702.5 
20.00 
40.00 19.5 41.0 891.4 4.7 247,648. 
60.00 
100.00 19.5 32.2 211.0 173,340. 
200.00 19.5 15.6 140.0 2.9 232,000. 
Table 51. Effect of stream and effluent standards. 
Surveillance Stream Standard Stream and Effluent Standard 
Points BOD (mg/I) 5S BOD (mg/l) SS 
A 3.5 6.3 3.7 5.6 
B 3.8 9.9 3.8 9.8 
C 3.7 14.6 1.9 12.6 
D 4.4 8.0 4.4 8.0 
E 4.5 32.1 2.3 29.7 
F 3.4 28.0 2.1 26.6 
G 2.6 45.7 1.7 44.4 
H 2.6 15.6 1.4 15.0 
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This could conceivably affect the water ts of the downstream users, There-
fore, from the viewpoint of a social optimum, the water quality improvement cost 
of this option should account for the value of further use of effluent th~t 
is foregone due to this alternative. In other words. the cost of improved 
water quality due to the use of evaporation ponds should include not only the 
variable cost of operation and maintenance, but also the value of the product 
foregone since the water is not available to the downstream users. 
To see this, consider a river system with a ~.;rastet-1ater source discharging 
X acre feet ( 31). Assume that farming is the only principal activity 
in the downstream parts of the river. Let the demand curve for agricultural 
use be denoted by 
P = P(Q) 
where P is the price of water and Q is the quantity used in agriculture. Also 
assume that the water rights of the farmers is Q* acre feet, This water right 
can be viewed as a perfectly inelastic supply of water. By the ,yaste dis-
charger's decision to build a total containment lagoon. the water available to 
the farmers is reduced to Q* - X acre This results in a welfare loss 
\-IL which is to 
, P(Q) dQ 
v 
WASTEWATER 
TREATMENT 
FACILITY 
-H-,..-+- CI T Y 
IRRIGATED 
AGRICULTURAL RIveR ~ 
~ OR STREAM 
~ 
~-----
WATER RIGHTS 
LAND 
Figure 32. Interrelation of ,:Tater and wastewater discharge. 
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Therefore, the welfare 
is given by 
H L 
w 
.x 
1 
Q* 
S 
Q*-X 
loss Wi associated with a unit decrease In the discharge 
P(Q) dQ 
The unit welfare loss w is computed and added on to the variable cost associated 
with the evaporation ponds to approximately reflect the social cost of this 
treatment option. 
This analysis was applied to the Uintah Basin case study. The demand 
curves for agricultural, the main water using activity, were obtained from a 
linear programming study (Anderson, 1973). The prices were updated to reflect 
the current situation. The Ashley Valley and the Duchesne River Basin were 
considered separately in the analysis. The unit welfare loss computed by the 
above technique resulted in a value of $37/per 1000 m3 per day for both areas. 
This figure was added to the variable cost of the complete containment lagoon 
in the LP model. The social impact of complete containment lagoon can be 
assessed by comparing the water quality levels and the total costs of the . 
optimal solutions for three cases: (1) no containment lagoon, (2) containment 
lagoon including the unit welfare loss, and (3) containment lagoon not includ-
ing the unit welfare loss. Comparing the solutions in Table 52, it is apparent 
that meeting the water rights of downstream users by not allowing the total 
containment option result in a loss of $1,726/day (Case 1 vs. Case 2) for 
society. Also, the total containment option reflecting W. produces slightly 
higher quality levels in the stream. However, it is seenlthat implementation 
of containment lagoons results in a $1~283/per day loss to the agricultural 
sector indicating the existence of Pareto-relevant externality. 
SUMMARY: TOTAL COST OF RESIDUALS HANAGEHENT 
The total costs of the residuals management strategies analyzed for the 
alternative futures and the various oil shale processes are presented in Table 
53. For the municipal activities, wastewater treatment accounts for about 70 
percent of the total costs and solid waste disposal for 30 percent. However, 
the table' shows that as population and development become more intense, the 
cost per capita of maintaining environmental standards will increase. 
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Table 52. Helfare analysis of containment lagoon option. 
~ Case 1: Case 2: and Cost Case 3: Water Quality Without Complete Containment i-lith Complete Containment, With Complete Containmen Surveillance Points Lagoon ($16,947) Costs Include 1"L ($15,221) lolL Not Included ($13,938 t, ) 
BOD NH4 S5 DO BOD NH4 5S DO BOD NH 4 SS DO 
(mg/l) (mg/l) (mg/l) 
A 5.0 3.6 6.6 16. 1 3.5 3.25 6.3 12.7 3.5 3.25 6.3 12.7 
B 3.5 1.3 13.3 11.3 3.8 4.0 9.9 11.0 3.8 4.0 9.9 11.0 
C 3.5 3.8 7.1 10.0 3.7 1.4 14.6 10.2 3.7 1.4 14.6 10.2 
D 5.0 4.0 7.8 10.8 4.4 4.0 8.0 9.9 /f .4 4.0 8.0 9.9 
E 4.6 2.0 32.1 8.9 4.5 2.0 .1 8.9 4.5 2.0 32.1 8.9 
F 3.7 4.6 27.5 11.2 3.4 4.6 28.0 9.8 3.4 4.6 28.0 9.8 
G 2.7 1.5 45.6 7.7 2.6 1.5 44.1 7.6 1.5 L.4.1 7.6 
H 1.8 2.0 15.6 7.7 1.8 2.0 15.6 7.7 2.0 15,6 7.7 
III 
i-' 
i-' 
\0 
• • I fII 
Table 53. Cost summary of residuals management options. 
HUNICIPAL WASTEHATER AIR E}l}l!SSIONS ($/d) 
HODEL RUN DESCRIPTION $/day $/cap./yr. Oil Shale Other Industry 
ALTERNATIVE FUTURES & PROCESSESa 
ZERO 2,785.35 28.72 
° 
51.05 
EIGHT - TOSCO 3,734.28 29.39 7,829.07 657. 35 
Paraho 3,734.28 29.39 1,314.26 657.35 
In Situ 3,734.28 29.39 3,083.80 657.35 
1'EN (TaSCa) 5,457.97 42.96 7,829.07 683.23 
MANAGEMEN1' OPTIONS (FUTURE 8-TOSCO) 
MffiIENT WATER/AIR QUALITY 
STANDARDS 3.734.28· 29.39 7,829.07 657.35 
With value of water loss of 
cont. lag. added 5,004.97 39.38 7,829.07 657.35 
No containment allowed 
(wa ter righ ts) 6,713.48 52.8t, 7,829.07 657.35 
EFFLUENT STANDARDS 4,476.64 35.23 7,829.07 657.35 
EFFLUENT CHARGES 
Water ($. 25/kg-BOD) 3,983.50 31.35 7,829.07 657.35 
Air ($200/Hetric Ton-PART) 5,004.97 39.38 10,626.27 837.18 
Bwith stream and air quality standards are imposed. 
$/day $/cap ./yr. 
1,254.10 12.93 
1,731.92 13.63 
1,731.92 13 .63 
1,731.92 13.63 
2 ,1St,. 36 14.71 
1,731.92 13.51 
1,731.92 13.63 
1,747.50 13.75 
1,731.92 13.63 
1,731.92 13 .63 
1,731.92 13.63 
T OTAL COST 
4,090.56 
13.952.92 
7,1,37.80 
9,207.25 
16.124.63 
13.952.92 
15,221.62 
16,947.1,1, 
14,69 1 .. 73 
11',201. 95 
17,333.45 
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APPENDIX A 
ECONOMIC-DEHOGRAPHIC-LAND USE INPACT PROJECTIONS: 
UTAH PROCESS METHODOLOGIES 
INTRODUCTION 
This appendix documents the methodological and transferability aspects of 
the work done by the Office of the Utah State Planning Coordinator (OSPC) to 
provide a methodology for producing (1) baseline, i.e., most likely, economic 
and demographic projections for small sub-areas of the Uintah Basin, Utah, 
study area, and (2) projections of the economic and demographic impacts of 
potential major economic developments in the basin. In a fully developed en-
vironmental management system (EMS), the ability to make such projections would 
serve two basic purposes: (1) to provide a projection of future demographic, 
economic, and land use conditions within which environmental management plan-
ning will be carried out, and of the changes in those conditions if potential, 
but uncertain, economic developments occur; and (2) to provide feedback infor-
mation concerning economic and demographic responses to alternative EMS poli-
cies designed to influence the environmental impacts of the developments. This 
study has, quite reasonably, chosen to concern itself with the first purpose 
listed above. It can be hoped that future work will lead to development of 
the capacity to accomplish the second. 
The type of EMS considered has, among others, the requirement that it be 
quickly and routinely applicable in order to produce policy changes as condi-
tions in the area change. This requirement applies, of course, to the economic 
and demographic impact projections component; thus indicating the need for com-
puterized projections models. The OSPC has developed and operates t't.'o such 
models--the Utah Process Economic and Demographic Impact (UPED) Model and the 
Utah Process Land Use.and Tax Base (UPLAND) Model. These, used together, pro-
vide the required sub-area projection capacity. Their prOjection categories 
relevant to the EMS consist of the items noted in Table A-I. 
'\ 
The role of these projections in the EMS is discussed in the body of the 
report. This appendix discusses the methodology used in UPED and UPLAND and 
in their application, discusses the potential transferability of these meth-
odologies, and presents a brief summary of the Uintah Basin projections. 
~'IETHODOLOGY 
This section provides a brief introduction to the UPED and UPLAND ana-
lytical and application methodologies. 
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Table A-I. UPED and UPLAND model capabilities. 
UPED (Large Area Level) 
1. Population by age(a), sexes), 
ethnic gioup(e) 
2. Migration by a,s,e 
3. School age population by grade 
level 
4. Occupied dwelling units 
5. Employment by industry(k) 
Analytical--The Models 
UPLAND ("Community" Level) 
1. Population 
2. Occupied dwelling units by building 
type(b) and quality index(n) 
3. Total dwelling units by b,n 
4. Employment by industry(k) 
5. Taxable sales by k 
6. Floorspace by k 
7. Acres used by b,n, and k 
The UPED and UPLAND models constitute a connected set of analytical tools •. 
UPED provides projections of economic growth or decline in relatively large 
. areas--conceptually geographic labor markets bounded by commuting limits. 
UPLAND, in turn, allocates these to sub-areas within the labor market--con-
ceptually. communities. Desired reverse feedbacks from UPlJU~D to UPED, pri-
marily in the area of the influence of the geographic distribution of building 
stocks on construction activity, have been conceptualized, but not yet incor-
porated. The general analytical natures of the models are discussed below. 
It can be pointed out here that they share two basic analytical characteris-
tics: (1) they are both complex systems simulation models, and (2) they are 
both impact models, i.e., they are both designed to project the economic and 
demographic impacts of potential major economic or policy events on on-going 
economic systems. 
UPED--
The purpose of the UP ED model is to project future growth or decline in 
the popUlation and economic activity, as measured by employment, of a labor 
market area. In addition, it projects the differences or impacts to be ex-
pected in these categories which result from changes in the ~reals economic 
base. Thus, the underlying theoretical precept of UPED is the well established 
economic base concept which holds that, for all but the largest (national-
continental) regions, the primary determinant of the level of economic ac-
tivity. and consequently of population size, is the amount of goods and ser-
vices produced for export to other areas. According to the economic base con-
eept, variations in basic (export) sector employment produce variations ir.. the 
number of households deriving their income from these sectors. These varia-
tions, in turn. produce variations in demand for goods and services produced 
locally for local consumption. (These local production-local consumption ac-
tivities are referred to variously as non-basic, service, residentiary. or 
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population dependent sectors.) "First round" variations in population depen-
dent sectors also produce variations in population and in household incomes. 
These generate further, second, third, etc. round variations so that, finally, 
a given projected initial change in basic sector employment ,.Jill produce a 
"multipliered" change in population dependent and total employment as well as 
in population (Isard, 1960). 
The economic base concept is combined in UPED with the three component 
(births, deaths, migration) cohort survival population projection methodology. 
In each projection sub-period, the birth and death components of the popu-
lation projection calculations are carried out with standard age, sex, and 
ethnic cohort aging, birthing, and surviving techniques. The non-employment 
related part of the migration component is projected exogenously and treated 
parametrically in the model. (A preferable methodology \vhich projects non-
economic opportunity related out-migration as a function of initial and pro-
jected popUlations has been designed as part of the Navajo Economic and Demo-
graphic (NED) Model and will be incorporated in UPED in the near future.) The 
projection of the more volatile, and usually by far the largest, part of the 
migration component, economic opportunity related migration, is controlled by 
the projected level of employment opportunity. Tnis, in turn, is projected 
through UPED's formulation of the economic base concept. which relates popu-
lation size and composition to basic and population dependent employment op-
portunities. Note that there exists an interdependence bet\veen population 
and the population dependent part of employment opportunity. This relation-
ship is utilized iteratively in deriving final solutions in the UP ED model. 
The remainder of this section discusses the workings of the UPED model 
in terms of Figure A-I, General Flow Chart--UPED Nodel. The top three boxes 
represent the natural increase (births and deaths), aging, and the non-employ-
ment related part of the migration components of the population projection 
methodology of UPED. The initial population, consisting of a census-type count 
or estimate of all people residing in the area by age, sex, and ethnic group 
is adjusted to reflect the temporary absence of some individuals who are per-
manent residents (an increase) and/or the temporary presence of individuals 
who are not permanent residents (a decrease). Relevant categories here include 
college students, military, and, in Utah, LDS missionaries. The resultant 
estimate of the permanent resident population is then survived by applying 
c.ohort specific 5-year survival rates. The result is the subset of the initial 
resident population expected to still be alive at the end of the period where 
the members of each cohort have aged five years. This aged-survived population 
is adjusted to reflect projected levels of temporary absence (a decrease) or 
presence (an increase) and permanent non-employment related in-(increase) and 
out-(decrease) migration. To this adjusted aged-survived population is applied 
a vector of age, sex (female only), ethnic group specific 5-year birth rates 
adjusted to reflect infant sex composition and mortality to project the 0-4 
population (also by sex and ethnic group) attributable to the initial perma-
nent resident population. The output of this initial component is the Adjust-
ed Natural Increase Population at Year 5 which becomes the initial estimate 
of Population at Year 5. 
This first approximation population projection is the source of two ele-
ments of the Labor Market analysis: (1) the initial (pre-employment related 
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migration) Labor Force at Year 5 and (2) initial Population Dependent Job Op-
portunities at Year 5. The labor force is derived by applying projected age, 
sex, and ethnic group specific labor force participation rates to the project-
ed population. Population dependent job opportunities are projected as depen-
dent upon (1) the size and composition of the population cohorts and recognized 
differences among cohorts in sectoral demand composition, (2) the area's pro-
jected per capita local production-local consumption ratio relative to that of 
the nation, and (3) projections of national residentiary emplo}~ent by sector 
and of national population by cohort. Thus, changes in the size and/or demo-
graphic composition of the population, in the level of local service relative 
to that of the nation, and/or national economic and demographic conditions can 
all influence the projection of each sector's population dependent job oppor-
tunities. 
As the Basic Job Opportunities at Year 5 box indicates, basic employment 
demand is projected, by sector, exogenously and treated parametrically in UPED. 
It is these projections of basic employment that vary to reflect the different 
economic developments to be analyzed. For example, to project the impacts of 
an o.il shale development, the direct basic employment by industrial sector in-
volved in constructing the mine and plant, in operating them, and in trans-
porting the product, and the indirect basic employment providing services to 
the oil shale operations themselves would be added to a baseline basic employ-
ment projection and the sum would serve as the basic job opportunities input 
for an oil shale UP ED run. 
Basic and population dependent job opportunities are summed to produce 
Total Job Opportunities at Year 5. Thus, initial values for both the supply 
of and demand for labor are introduced into the Labor Market component of UPED 
where they are used to calculate the projected unemployment rate as an index 
of the area's economic opportunities. This rate is compared against a para-
metrically established "normal" range of unemployment rates. If it is higher 
than the upper bound of the range--the out-migration triggering rate--this is 
taken to indicate. inadequate opportunities for the natural increase population 
and Employment Related Out-Migration at Year 5 is projected. Alternatively, 
.if it is below the lower bound--the in-migration triggering rate--usually high 
prosperity is indicated and Employment Related In-Migration at Year 5 is pro-
jected. 
The amount of migration projected is sufficient to provide the labor force 
required to adjust the unemployment rate to the relevant triggering rate, as-
suming no adjustment in population dependent job opportunities. The demo-
graphic detail of this migration reflects cohort differences in (1) laborfcrce 
participation rates (zero for children, lmver for females, highest for you,'.;~ 
adult males, etc.), (2) migration propensities (highest for young adult males, 
slightly lower for females, etc.), and (3) the composition of the source popu-
lation (the area's initial year 5 population estimate for net out-migration, 
and the national or surrounding area's population for net in-migration). 
Of course, the assumption stressed in the previous paragraph, that job 
opportunities do not change as a result of migration, is invalid. The migra-
tion of workers and their families either increases or decreases population 
dependent job opportunities. Thus, first round migration will prove insuf-
ficient to adjust the unemployment rate to the relevant bound of the normal 
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range and further migration in the same direction must be projected. The short 
dash arrows indicate the iterative nature of the UPED solution to this inter-
dependence problem. The iterative process continues until the calculated un-
employment rate is satisfactorily close to the relevant triggering rate at 
vlhich time solution is achieved and no further migration or employment changes 
are calculated. Final population, migration, and employment outputs are pre-
sented with the former being used to derive projections of households (by ap-
plying cohort specific household formation rates). labor force (by applying 
cohort specific labor force participation rates), and school age population (by 
proper interpolations among age groups). The solution value for projected 
population is then fedback into the model (long dash arrow) to serve as the 
initial population vector for the next projection sub-period. 
UPLAND--
The UPLAND model (see ~igure A-2) is designed to complement and extend the 
outputs of the UPED model. UPLAND produces, conceptually, a community level 
geographic allocation of the employment and population projections produced by 
UPED (or projections of those variables from other sources) and extends the 
list of projected variables to include land use and tax base categories. The 
basic theoretical notion underlying the UPLAND model is that, within any labor 
market (the UPED model's conceptual geographic area), the geographic allocation. 
of all activities is accomplished in the market for use of available land. 
The primary supply and demand conditions upon which price of land in each 
community, and hence the uses to which land in each community is put, are simu-
lated in UPLAND in a set of access (complementarity) and competition (con-
flict) relationships. The strength of each area's attraction for each activity 
varies directly with the extent to which the area provides access to the input 
and/or output markets required by the activity, either in the area itself or 
in nearby areas. The resolution of interactivity competition for land in areas 
where demand exceeds supply is determined by the ability of each activity to 
pay land rent in the area, with the activities' ranks of rent paying ability 
varying across areas. 
Another major point to make about the nature of UPLAND is that it attempts 
to model the behavioral and structural responses of already existing labor 
markets and communities to periods of economic growth and/or decline. It 
specifically does not attempt to predict the nature of a market economy as it 
might develop on an initially unoccupied plain, but rather attempts to project 
the alternative responses of. an in-place market economy to well defined pro-
jected changes in some parts of that economy, and in the policies of govern-
mental agencies which influence and control it. Thus. starting with a de-
scription of the base period level and geographic dispersion of economic ac-
tivity in the labor market. and with the legal and land base characteristics 
of that area which will affect future economic responses. the model projects 
the levels of land use allocation by community from changes in activity levels 
of the labor market as projected by UPED. Throughout the projection period, 
earlier projected changes in activity. land use, policy, and geographic distri-
bution are "fedback" into the model in such a way that they influence subse-
quent responses. Thus, as in the real world, each "year's" allocations are 
made in response to the reSUlting conditions, activity levels, and market 
concentrations for all previous years in each of the communities comprising 
the labor market. The remainder of this section presents a general discussion 
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organized around Figure A-2 of the operation of the UPLAND model. 
First consider the large, divided circle labeled Sub-Three Residential 
Location and Sub-Four Employment Location. These submodels contain the loca tion 
behavior and land use demand relationships for the two types of economic ac-
tivities geographically allocated by UPLAND, residential (20 non-group quarters 
by building type and income class as a surrogate for a quantity index. and 4 
group quarters categories) and employment (approximated 2 digit SIC categories). 
In Sub-Three on the demand side of the housing market, UPED population pro-
jections are converted to households by type--husband-wife, other male head, 
etc.--and a projecti()n of the income distribution for each type is made to per-
mit incorporating the empirically and statistically valid notion that selection 
of housing types varies as households cross \olell identified income thresholds. 
Total demand for each housing type is then produced for allocation across com-
munities as functions of the extent to ~vhich each community can provide the 
characteristics which attract households wishing to live in each housing type 
and of total usable land. As discussed below, Sub-Two Opportune Location 
(OPLOC) provides a matrix of indices of relative location desirability for each 
activity (residential and employment) in each area upon which these allocations 
and the similar ones made in Sub-Four are based--areas with higher indices 
(OPLOC scores) are allocated higher proportions of overall demand. 
On the supply side of the housing market, each area's supply of housing, 
occupied and vacant by housing type, surviving from the previous "year," after 
allowance for accidental and dilapidation destruction of some units, is carried 
into the model (see the long dashed "yearly" feedback arrow). From the resul-
tant excess demand or supply conditions (housing demand minus carried over 
supply) each area's housing stock adjustments eire projected. These adjust-
ments include filtering (shifting occupation prices of existing structures 
and/or converting them from one building type to another as in dividing a 
single family house into apartments), new construction, and adjusting vacancy 
rates to abnormally high or low levels. The results of these adjustments are 
projections of the total stock of each type of housing, occupied and vacant 
units, and new construction in each area, assuming there is adequate land for 
all units demanded in each area, i.e., that sufficient usable land for all 
activities is .available. The amount of land required for this housing is pro-
jected as a function of the projected stock and of historical land require-
ments in the whole labor market, with allmvance for "building upn or increas-
ing residential densities in areas ~vith high demand as \vell as for ltbuilding 
out" or the expansion of residential activity in all areas onto acreages not 
previously used for housing. 
Sub-Four is similar in structure to Sub-Three except that UPED's sectoral 
employment outputs are used directly rather than requiring the type of pre-
liminary conversions and analyses applied to the population projections. Each 
"year's" increment to total employment in the whole labor market, as derived 
'from UPED, constitutes the bulk of total employment to be allocated across 
communities. To this is added a projected amount of employment seeking to re-
locate from relatively less locationally desirable (lower OPLOC score) areas 
to more desirable (higher OPLOC score) areas. 
Employment allocations can be made in either of tHO ways. The first and 
least used, is the exogenous mechanism. In some cases, it is kno\oln ~ priori, 
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or hypothesized, that a given amount of employQent in SOille sector will locate 
in a given community_ In these cases, those amounts are assigned exogenously 
to the area and must remain there. ResouLces oriented sectors, such as coal 
or metal mining, are examples. The second allocation technique uses the en-
dogenous location equations of Sub-Four. Here, more desirable (higher OPLOC 
score) areas are allocated higher proportions of the sector total as are areas 
with more land usable by that sector. Total sectoral employment in each area 
assuming adequate land is available, is then the algebraic sum of employment 
carried over from the previous year minus that projected to relocate out of 
the area plus that exogenously located in the area plus that endogenously pro-
jected to locate in the area. This total demand then serves as the basis for 
projected acreage demanded in each area by each sector. This projection is 
based upon historical land usages in each and all areas with both "building 
Upff and "building out" projected to occur. Agricultural acreage is projected 
as a residual after all residential and other employment land demands are met--
this reflects the expectation that all other activities can "outbid" agri-
culture for available land in all areas if they desire. 
The projected sectoral activity levels and associated land demands from 
Sub-Three and Sub-Four are then fed into Sub-Five Competition Resolution. This 
submodel serves as a surrogate for price competition in the market for use of 
available land in each community and across the whole labor market. n~o steps 
occur in Sub-Five. First, the total demand for land in each area, organized 
into seven idealized zoning categories, is compared against the land available 
in those categories, where availability is dependent upon geographic extent of 
the community. its topographical and physiographical nature, and the zoning 
ordinance in effect in the community and its enforcement. If there are no 
areas where land demand exceeds supply. the "year'slf projection is considered 
solved, the second step is not taken, UPLAND proceeds to Sub-Six Tax Base and 
into the next· "year." If any one. area is found to have a shortage of land 
for any set of activities, i.e., land demand exceeds supply, Sub-Five'ssecond 
step proceeds to solve the competitive situation by selecting Itwinningsectors" 
from among those competing for what land is available and feeding the "losing 
sectors" back to Sub-Three and Sub-Four for reallocation T;Jhere both (1) further 
building up of the densely settled communities and (2) reallocation of the ex-
cess demand to other, less dense and less locationally desirable, communities 
are projected. This reallocation is then fedback to Sub-Five again where re-
testing for convergence is made. This iterative process, the short dash arrows 
of the flow chart of Figure A-2, continues until all initial and subsequent 
excess demands are satisfied either at higher densities or in less than first 
choice communities or both. 
Sub-Five's competition resolution mechanism is a surrogate, but a theo-
retically reasonable one, for the theoretically conceivable, but practically 
impOSSible, simulation of a land market where each activity's bidding power, 
or ability to pay rent, would be functionally dependent upon production and 
utility functions and the supply and demand conditions controlling the entire 
interdependent complex of prices for all productive inputs, all products, in-
cluding such intangibles as neighborhood effects, and all transportation ner-
vices, including time costs in the latter. 
As is obvious from the above, the central role in the activity alloca-
tions of Sub-Three and Sub-Four rests with the relative locational desirability 
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index matrices--OPLOC scores--produced in Sub-T\.Jo. These scores are produc2d 
for each employment and residential sector from the interaction of tHO types 
of information: (1) the characteristics of potentially selected areas, in-
cluding access to characteristics in other areas, \·lhich are viewed as loca-
tionally desirable by the sector (a profit viewpoint by private employment 
sectors, a service viewpoint by government sectors, a utility vie,vpoint by 
residential sectors), aQd (2) a description of the extent to which each area 
can contribute these factors, including access to desired characteristics in 
other areas. Sub-One Hinimum Travel Times provides the surface transportation 
minimum travel time estimates and projections required in this calculation; 
there are alternative metropolitan and non-metropolitan formulations of Sub-
One. 
The procedure in Sub-T\vo is to identify for each sector the factors '''hich 
influence the relative locational desirabilities of potential location com-
munities, to describe the extent to which each area is capable of contributing 
each of these factors, and to combine these requirement-demand, contribution-
supply descriptions for each sector-community pair to produce for each com-
munity a set of indices, the OPLOC scores. These indices describe the extent 
to which each community relative to the others can contribute to the location 
requirements of each sector. Areas with higher scores for anyone sector are 
indicated as more locationally desirable for that sector. Of course, areas 
will and can be expected to differ in their relative rankings for different 
sectors. "Yearly" updates to the area-characteristic and conditions matrices 
provide the basics for the next year's OPLOC scores and activity allocations_ 
As presently formulated, there are ttvO areas of concern '''ith the UPLAND 
approach as applied to non-metropolitan areas. The first is that it appears 
unnecessarily complex and areally interdependent for rural application. The 
second is that the sectorization of activities may require adjustment with 
some resultant modification of analytical procedures. Both of these issues 
will be addressed, to the extent available resources permit, during the 1976-
77 fiscal year with the possible result being the modification of the present 
UPLAND to more closely reflect the structure and functioning of rural economic 
systems. 
APPLICATION--INPUTS AND OUTPUTS 
This sub-section deals with the input requirements of the UPED and UPLAND 
models and describes the manner in which the results are presented. A general 
discussion is followed by a summary of the actual Uintah Basin application 
made for this project. 
Calibration--Inputs 
Both UPED and UPLAND assume a set of potential future events which are 
imposed on an existing economic system and project the resultant future be-
havior and alterations in structure of that system subject to various postu-
lated future policy variations. Thus, the input parameters required by both 
models can be conceptually organized orthogonally according to Table A-2. 
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Table A-2. Conceptual organization of UPED and UPLPJ.!D input paraneters. 
Base Year Projective 
Structural 
Behavioral 
Policy 
The terms used can be defined as follows: 
Structural: Parameters describing observable levels of activity in a 
specified category; 
Behavioral: Parameters controlling the magnitude and direction of a 
particular model actor's response to endogenously or 
exogenously determined levels or changes in levels of 
system variables; 
Policy: Parameters describing governmental actions which deliberate-
ly or incidentally influence system states; 
Base Year: The initial period (1970 in the current application); 
Projective: Any of the years. in the projection period (1971 to 1990 
in the current application). 
Table A-3 is used below to present required parameter inputs for UPED and 
UPLAND. 
The meaning of most of these parameter names is evident from the pre-
ceding discussion of the UPED model. The term "Residentiary Employment Demand 
Complex," refers to a group of parameters used to project the local economy's 
response to local demand as a function of the local demographic characteristics 
national population and employment in each sector. 
The meanings of most of the parameter names in Table A-4 should be clear 
from the previous discussion of UPLl .. ND. The term Factor Haps refers to a com-
plex of parameters describing the locational desirability characteristics of 
each area. The Transportation System parameters describe route and velocity 
systems in two different alternative forms, one for urban and one> developed 
for this project, for rural areas. The zoning parameters describe both the 
ordinance and the map aspects of each community's zoning policies. The list 
of projective behavioral parameters required in UPLAND is too long for in~lu­
sion in this report, so the expedient of presenting an example of the type of 
such parameters used has been selected. 
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Table A-3. Conceptual organization of UPED input parameters. 
Base Year Projective 
Population I National Population 1 ase ase 
National Residentiary 
Structural 
Employment 1 
ase 
Basic Employment I 
ase 
Non-Employment Related 
Higration I 
ase 
.-~-.. 
Vital Rates 
asel 
Labor Force Participation 
Rates 
asel 
Behavioral Residential Employment 
Demand Complex lk ase -
Higration Propensities I 
ase 
"Normal" Unemployment 
Rate Rangel 
Policy 
Subscripts: a-age, s-sex, e-ethnic group, I-labor market, k-employment 
sector. 
UP ED and UPLAND have been designed to rely primarily on data sets avail-
able to most jurisdictions such as those produced by the U.S. Bureau of Census, 
the U.S. Bureau of Economic Analysis and state Departments of Employment Secu-
rity, OBERS national employment projections, BLN land ownership maps, com-
munity zoning ordinances and master plans, etc. Some of these require rather 
extensive manipulation, both statistically and judgmentally, in preparation 
for use. In both models, but primarily in UPLAND, there are significant re-
quirements for specialized knmvledge of the economy of the study area. The 
models provide a consistent and routine vehicle for analytical incorporation 
of this specialized local judgment. 
Both models, of course, lend themselves to the standard output presenta-
tion techniques, i.e., detailed tables, summary tables, charts and graphs, 
mapped presentation, etc. A considerable amount of soft\vare has been developed 
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Table A-4. Conceptual organization of UPLAND input parameters. 
Structural 
Behavioral 
Policy 
Base Year 
Total Employmentkc 
Exogenously Located 
Employmentkc 
Householdskc 
Supply of Housingkc 
Supply of Vacant Housing 
Total Acres Usedkc 
Exogenously Assigned 
kc 
Acres Usedkc 
Factor Maps 
vc 
Projective 
Exogenously Located Employmentkc 
Exogenously Acres Usedkc 
Total Employmentkl 
Total Population 1 
as 
Example: 
In the functions relating total 
labor market demand for housing 
to projected population, the 
following behavioral parameters 
are used: 
Household Head Rates 
asm 
Housing Type-Quality Income 
Threshold 
Income Growth Rates 
ron 
ron 
~-------------------------------~---------------------------------------4 
Zoning 
c 
Transportation System 
c 
Public Land Ownership 
c 
Public Service Provision . 
c 
Zoning 
c 
Transportation System 
c 
Public Land ();mership 
c 
Public Service Provision 
c 
Subscripts: same as for Table A-3 plus: c-community, k-includes housing 
sectors, v-location influencing factor, m-hovsehold type, n-income class. 
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for these kinds of presentation of UP ED outputs. This can be extended to up-
LAND rather easily, but at present, UPLAl'm has only detailed and summary tabu-
lar presentation capaci It is desirable that this software be flexible in 
that it allo\v selection of different output categories and detail levels ap-
propriate to different users. Another consideration importance in design-
ing presentation formats is that both models operate \vith rather fine employ-
ment sector detail. so care must be taken, especially in small areas, to avoid 
possible disclosure of confidential information. 
Uintah Basin Application 
Rather than presenting and discussing in detail the inputs and outputs 
of UPED and UPL~~D for this project, the TablesA-5 to A-7are presented as 
summaries with only the most important inputs, basic and exogenously located 
employment and summary outputs--population, total employment, total occupied 
dwelling units) and total non-agricultural acres used--presented. 
CONCLUSIONS - TRANSFERABILITY 
From the foregoing, the following conclusions and considerations regarding 
the transferability of the UPED and UPLAND models to other states and regions 
are given. 
Analytical Methodology 
It should be clear from the analytical descriptions of the models that 
they were designed to simulate relevant market phenomena and that they are, 
in that sense, independent of the area to which they are applied and are thus 
transferable to any area where labor and land markets operate. Thus, only in 
such places as some Indian reservations where these markets operate Signifi-
cantly differently are the UPED and UPLAND analytical procedures inappropriate. 
For example, the Navajo Economic and Demographic (NED) Hodel "tvas designed and 
is being implemented in response to this sort of limitation on the Navajo 
Reservation. The models are, however, portable in analytical technique and 
can be installed wherever such limitations are not present--most of the U.S.--
and where sufficient data are available. 
It should be noted) however, that there has been some concern with the 
appropriateness of the analytical complexity of UPLAND in rural applications. 
It is intended in the near future to closely evaluate this particular aspect 
of the models set and, if found appropriate, to design a simpler, lessareally 
interdependent non-metropolitan version of UPLAi.'m. 
Application }fethodology 
Both models, of course, require rather extensive parametric inputs. Thus, 
the information resources of any study area will have significant impact on 
the ease and quality of the projections produced in any application. The fact 
that they are simulation rather than regression-extrapolation models, however, 
makes UPED and UPLAND much less dependent than most alternative model types on 
the availability of highly reliable statistical series, since reliance on 
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Table A-5. UPED basic employment projections. 
A.F. ZERO 
1975 1980 1985 1990 
Agriculture 770 740 700 660 
Mining 3,000 3,000 2,630 2,250 
Contract 
Construction 1,000 750 750 650 
Hanufacturing 500 700 800 900 
TCU 300 400 400 400 
Trade 800 800 800 800 
Fire 30 30 30 30 
Services 800 800 800 800 
Government 800 800 750 700 
Total 8,000 8,020 7,660 7,190 
a A.F. VIII 
1980 1985 1990 
a a a 
600 1,200 1,200 
1,000 125 a 
650 675 675 
0 a a 
a a a 
a a a 
a a a 
a a a 
2,250 2,000 1,875 
aBasic employment added to Alternative Future Zero for impact analysis. 
A.F. Xa 
1980 1985 1990 
a a a 
650 1,310 1,310 
1,650 359 a 
652 693 722 
71 27 18 
328 451 574 
a 0 a 
1L.6 168 197 
a a a 
3,497 3,008 2,821 
Table A-6. Exogenously determined employment inputs to the UPUu''{D model. 
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MINING 
(petro & Nat. Gas) 1975 2 47 167 436 655 284 66 262 330 2249 
(Non-Me tal-Fuel Mine) 1980 2 143 263 436 209 476 128 262 330 2249 
1985 2 308 231 199 183 91 418 113 242 205 1992 
0 1990 2 264 197 170 235 78 200 135 261 185 1727 
~ MANUF ACTURING (..:l 
N 1975 15 15 
t:.; (petro Refming) 1980 15 15 
..: 1985 15 15 
1990 15 15 
TCU 
1975 5 5 
(pipeline Transport) 1980 6 6 
1985 6 6 
1990 6 6 
MINING 
(petro & Nat. Gas) 1975 +30 +30 
(Non-Me tal-Fuel Mine) 1980 +600 - +600 
(Oil Shale Mining) 1985 +1200 - +1200 
1990 +1200 - +1200 
CONSTR UCTION 
1975 
(Heavy Const.) 1980 +1000 - +1000 
; 1985 +125 - +125 
..... 
1990 
;> ~ MANUFACTURING 
1975 < (petro Refining) 
(Olishale Retorting) 1980 +650 - +650 
1985 +25 +650 - +675 
1990 +25 +650 -- +675 
TCU 
1975 
(pipeline Transport) 1980 
1985 
1990 
MINING 
(petro & Nat. Gas) 1975 +30 +30 
(Non-Metal·FuelMining) 1980 +50 +600 +650 
(Oilshale Mining) 1985 +10 +1200 +1210 
1990 +10 +1200 +1210 
CONSTRUCTION 
(Heavy Const.) 1975 
(Gen. & Spec. Const.) 1980 +1000 +650 +1650 
1985 125 +135 +260 
to:! 1990 X 
~ MANUFACTURING 
1975 . (Petro Refining) 
(Oilshale Retorting) 1980 +650 ·l-65 0 
1985 +25 +650 +675 
1990 +25 +650 +675 
TCU 
(pipeline Transport) 1975 
(Motor Freight & Warehouse) 1980 +58 +58 
1985 +12 +12 if" 
1990 
aExogenotlsly determined employment in addition to Fuhu.e Zero. 
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Table A·- 7. Uintah Basin UPLAND allocations, Alternative Futures Zero, VIII and X. 
-_. • ••• _ ••••• - ~-- _ •• _-._" -~ •• ~ ••••••• - ••••• __ ., •• , .,.~, • - <. -~ •• - •• - ."".~ -
POPULATION TOTAL HOUSEHOLDS TOTAL EMPLOYMENT TOTAL NON-AGRICULTURAL 
ACRES USED 
AREA AF AF . AF AF AF AF AF AF AF AF AF AF 
Zero VIII X Zero VIII X Zero VIII X Zero VIII X 
\-lest Daggett 
1975 548 556 590 157 i60 169 206 218 227 745.2 745.4 746.0 
1980 528 555 556 161 169' 169 206 224 244 736.2 745.5 746.7 
1985 467 468 454 147 148 143 221 236 259 737.8 745.9 746.6 
1990 401 367 357 131 119 115 225 245 266 738.5 746.1 746.6 
East Daggett 
19 289 291 29883 83 86 157 158 159 431. 431.3 432.0 
1980 270 280 280 83 85 85 164 171 177 4 9 440.4 445.5 
1985 239 244 238 75 77 75 170 181 192 436.8 444.5 451.2 
1990 210 205 202 68 67 65 174 185 192 437.2 445.6 453.1 
Daggett County 
1975 837 847 888 240 243 255 362 376 386 1176.1 1176.7 1177.9 
1980 799 835 837 244 254 254 370 395 422 1170.1 1185.9 1192.1 
1985 705 712 692 222 224 218 391 417 451 1174.6 1190.4 1197.8 
1990 611 573 559 199 185 180 399 429 458 1175.7 1191.6 1199.7 
Tabiona 
1975 845 845 894 261 264 276 334 358 375 101.5 102. 103.8 
1980 897 863 868 293 286 290 451 501 539 110.6 114.2 119.5 
1985 969 863 735 323 294 257 616 672 717 131.0 135.8 133.9 
1990 935 727 618 321 256 224 557 613 667 131.0 131.8 130.9 
Duchesne 
1975 3052 2855 3731 876 819 1070 1271 1241 1350 923.7 912.2 1016.9 
1980 3246 3173 5187 991 965 1575 1469 1536 1979 958.3 1018.3 1232.4 
1985 3168 3024 5069 999 953 1595 1429 1506 2018 969.0 1030.7 1262.9 
1990 2997 2804 4932 978 908 1590 1330 1418 2015 972.4 1032.4 1285.1 
Altamont 
1975 2022 2233 2168 580 640 622 1026 1097 1159 185.5 223.7 224.7 
1980 2094 2878 2516 639 876 764 1038 1257 1376 197.8 283.5 269.3 
1985 1969 2627 2280 11 621 828 717 I' 797 1034 llLf2 192.3 27lf.5 260.3 
1990 1716 2347 2073 560 760 668 729 983 1091 191.1 273.8 261.5 
" , 
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Table A-7. Continued. 
AREA 
Myton 
1975 
1980 
1985 
1990 
Roosevelt 
1975 
1980 
1985 
1990 
Duchesne County 
1975 
1980 
1985 
1990 
\'Jest Side 
1975 
1980 
1985 
1990 
Hill Creek 
Vernal 
I
" 
" 
1975 
1980 
1985 
1990 
1975 
1980 
1985 
1990 
POPULATION· 
AF AF AF 
Zero VIII X 
932 1726 1590 
899 2283 2176 
756 2058 1940 
581 1816 1728 
·7130 6712 6869 
7736 8319 9193 
7750 8157 9029 
7521 7801 8803 
13981 . 14380 15251 
14871 17517 19940 
14611 16729 19052 
13749 15494 18154 
4624 4319 4440 
4995 5239 5718 
4932 5045 5298 
4718 4735 4890 
78 68 79 
70 66 78 
54 52 64 
37 42 52 
15019 15105 15654 
15564 19017 21714 
15448 19071 21664 
14889 18618 21453 
.- .. ,-.-'~-
TOTAL HOUSEHOLDS 
AF AF AF 
Zero VIII X 
267 495 456 
274 695 661 
238 649 610 
189 588 557 
2097 1978 2025 
2417 2599 2869 
2500 2639 2917 
2509 2594 2914 
4081 4196 4449 
4614 5421 6159 
4682 5363 6096 
4558 5106 5953 
1326 1239 1274 
1525 1594 1736 
1555 1590 1667 
1539 1533 1576 
22 19 23 
22 20 24 
17 16 20 
12 14 17 
4353 4378 4537 
4799 5844 6659 
4920 6068 6881 
4905 6087 6981 
----------~--""----- . 
.----
TOTAL EHPLOYMENT TOTAL NON-AGRICULTURAL ACRES USED 
AF AF AF AF AF AF 
Zero VIII X Zero VIII X 
436 441 467 105.9 153.7 150.3 
431 555 635 105.5 211.4 219.5 
566 750 821 ll1.1 226.7 235.1 
760 840 106.9 227.6 2i fO .2 
3025 3026 3176 1119.8 II .8 1161.1 
2788 3054 3498 ll80.5 1292.6 1393.2 
2703 3147 3633 121ff.7 1347.8 1456.0 
2580 2949 3521 1230.0 1361.7 1485.8 
6093 6162 6527 2436.4 2521.4 2656.8 
6178 6903 8026 2552.7 2919.9 3233.9 
6111 7109 8331 2618.2 3015.6 3348.3 
5753 6723 8134 2631. 3 3027.4 3403.6 
1624 1737 1828 398.7 415.4 431.0 
1947 2340 2558 449.2 572 .3 617.7 
1930 2346 2539 470.1 597.7 623.3 
1671 2113 2333 469.5 601.4 617.5 
174 169 172 35.3 35.1 . 36.7 
228 232 246 41.1 43.8 47.8 
203 209 223 40.6 43.6 lf8.8 
214 217 232 40.3 43.9 50.1 
5073 4773 4934 1835.6 1835.6 1869.6 
5497 5485 6110 1942.1 2164.3 2348.5 
5556 5538 6293 1995.2 2240.6 2429.9 
5549 5549 6432 2022.4 2279.9 2490.2 
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Table A-7. Continued . 
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POPULATION TOTAL HOUSEHOLDS TOTAL EMPLOYMENT TOTAL NON-AGRICULTURAL 
AREA ACRES USED 
AF AF AF AF AF AF AF AF AF AF AF AF 
Zero VIII X Zero VIII X Zero VIII X Zero VIII X 
Bonanza 
1975 330 349 349 95 100 100 395 578 610 69. 113.7 121.8 
1980 307 3107 4268 94' 945 1296 400 320L~ 3427 72.6 382.0 518.0 
1985 262 3862 5023 83 1217 1580 276 2757 2999 67.2 454.1 597.1 
1990 219 4215 5516 71 1365 1778 253 2751 3091 65.1 499.4 673.4 
Jensen 
1975 561 567 596 206 209 219 333 349 370 65.2 70.7 79.3 
1980 523 596 886 205 239 335 343 423 1210 65.4 83.4 121. 9 
1985 427 504 750 178 214 299 329 404 619 64.8 81.6 119.2 
1990 331 382 643 148 175 267 294 372 459 61.7 80.2 121.1 
Uintah County 
1975 20612 20408 21118 6002 5945 6152 7599 7606 7914 2403.8 2Lf70.4 2538.4 
1980 21459 28026 32664 6644 8642 10049 8415 11683 13552 2570.5 3245.8 3654.0 
1985 21124 28534 32799 6753 9105 10446 8294 11254 12674 2638.8 3417.6 3818.3 
1990 20194 27992 32554 6675 9174 10620 7981 11001 12547 2658.9 3504.9 3952.2 
Uintah Basin 
Total 1975 35430a 35635a 37257a 10324 10384 10856 14054a 141458 14827a 6016.4 6168.5 6373.2 
1980 37129 46378 53440 11502 14317 16462 14963 18981 22000 6293.3 7351.0 8080.0 
1985 36L,40 45975 52544 11657 14692 16760 14797 18781 21456 6431.6 7623.6 8364.5 
1990 34554 44058 51268 11432 14465 16753 14133 18154 21139 6466.0 7724.0 8555.6 
--
a Summary of UPED outputs. 
judgmentally adjusted parameters is possible where such are not available. 
The Office of the State Planning Coordinator is currently engaged in a project 
to develop a computerized data management system (DNS) including statistical 
model calibration software, for use in simplifying Utah applications of the 
models. Such a system would be useful but not essential wherever the models 
"Here to be applied. \.Jhile better data and more systematic calibration tech-
niques can be expected to produce improved estimates and projections of param-
eters, the judgment and knowledge of well informed local officials, local uni-
versity professors, etc. can be incorporated into the application process of 
both models as a reliable substitute for the more formal statistical calibra-
tion procedures envisaged in the DNS. This ability to operate wi th a "{vide 
range of calibration sources is seen as a major strength of UPED and UPLru~D 
since it makes them available to areas without a long history of high quality 
data collection. 
141 
